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SECTION 22 
CATHODE-RAY-TUBE CIRCUITS 


ELECTROSTATIC. 

The circuits used for the electrostatic type of cathode- 
ray tube are functionally similar to those used for the elec- 
tromagnetic type of tube, but they differ in the manner of 
accomplishing their function. Only the electrostatic type 
will be discussed in this patagraph. Basically, the cathode- 
tay tube provides a fast moving, easily and quickly deflec- 
ted electron beam for use in wavefonn viewing and analysis, 
and for special display purposes. Generally speaking, the 
display types of CRT are mostly magnetically controlled, 
while the types universally used in test oscilloscopes and 
synchroscopes, for waveform checking, are electrostatically 
controlled. Therefore, the discussion in this paragraph will 
be restricted to oscilloscopes. Later paragraphs in this 
section will describe deflection-modulated display circuits 
such as used in type A and J scans, and intensity-modula- 
ted circuits such as the B ond C types, which can employ 
an electrostatic CRT, All cathode-ray tubes have basic 
control circuits which are necessary if the tube is to be 
used at all. These circuits control intensity (brilliance), 
focus, and beam positioning (centering, both horizontal and 
vertical), Other circuits with which the CRT is concemed 
are horizontal and vertical amplifiers, sweep circuits, and 
synchronizing circuits. All of the latter circuits are stan- 
dard circuits, with special attention paid to the design for 
bandwidth, response, and linearity. In some special cases 
there are peculiar circuits which are mainly combinations 
of standard circuits used for packaging the components 
into a convenient size, and for economy. For example, 
while a console unit moy have high and low voltage sup- 
plies, they are usually separate and use separate trams- 
formers, whereas the conventional oscilloscope uses one 
transformer to supply both high and low voltage, bias, and 
filament power, 


BASIC OSCILLOSCOPE CIRCUITS. 


APPLICATION, 

The basic circuits described below ate used to adapt 
an electrostatic CRT for use as an oscilloscope which can 
be utilized for waveform analysis. 


CHARACTERISTICS . 
Hosted input (Y axis} 
High input impedance (approximately 2 megonms shunt- 
ed by 40 picofarads) 
Step attenuator 
Good frequency response (10 cps to 1 megacycle} 
Horizontal input (X axis) 
High input impedance (approximately 2 megohms shunt- 
ed by 40 picofarads) 
Step attenuator 
Intemal sweep or externa! signa! 
Sweep 
Selectable sync (polarity and input) 
Sweep frequency 2 cps to 100 ke 


Retrace blank 
Onking 


input (Z axis) 
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CIRCUIT ANALYSIS. 
Generat. The following circuits were chosen as basic 


examples of the circuits generally used in oscilloscopes. 
Each was selected to bring out the basic principles ond 
requirements necessary for circuits used in waveform anal- 
ysis, even though a similar circuit may be found elsewhere 
in this monual. The discussion is limited to the essentials 
needed for use with cathodezay tubes. 

Beom-Positioning Circuits. A simple oscilloscope using 
basic beam-positioning circuits is shown in the accompany- 
ing illustration, For a complete schematic of an elementary 
oscilloscope, see Basic Electronics, NAVPERS 100874, 
Chapter 17, Note that the voltages are taken from a common 
voltage divider between B+ ond B-. The divider is ground- 
ed at a convenient point, usually at the positive voltage 
required for the accelerating anode (No. 2), and both ends 
are above ground, Thus, with the positive low voltage and 
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INTENSITY 


Simplified Oscilloscope, Showing Controls 


negative high voltage at above-ground potential, the case 
and chassis can be grounded for protection of the operato 
Tt also permits the anode and one of each + dt 
plates to be grounded, to form a simple un 
thon or positioning circuit. This connection a 
the deflection plates and accelerating anode at the same 
potential, and avoids defocusing effects from differences 
in potential between them. 

It is evident from the schematic that resistors 4, RS, 
R6, R7, and R8 form a voltage divider from B minus to 
ground, and at the junction of R4 and RS some pos 
soltage exists. Since the cathode of the CRT is connected 
at a less negative point on the divider than the grid, the 
grid is negative with respect to the cathode, and is adjust- 
able by means of potentiometer R8, As in the conventional 
cirquits, variotion of this gr. 
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ve 


tube to can- 


duct more or less heavily, qs desi i 435 Con 
nected to a much lower point on the divider; ‘hus itis 
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effectively much more positive than the cathode and grid, 
and attracts the electrons from the cathode, By varying 
the d-c potential on this focusing node, the electron beam 
from the cathode is directed so that it converges at a point 
on the face of the CRT. Anode No. 2 of the CRT is ground- 
ed; thus, since it is at a more positive voltage thon the 
focusing anode, it attracts the electron beam and acceler- 
ates it. The accelerating anode is a concentric ring similar 
to the focusing anode and the focused beam passes through 
the center, losing only stray unfocused electrons. The No. 
2 anode current, therefore, is minute, and does not detract 
from the beam. As the beam passes from the accelerating 
anode to the face of the tube, it passes between two sets 
of deflecting plates. The plates of the set nearest the No. 
2 anode are positioned horizontally above and below the 
tube centerline, and deflect the beam vertically. (The ver- 
tical deflection plates are physically located nearest the 
No. 2 anode, for maximum control of the electron beam.) 
The plates of the second set are nearest the face of the 
tube; they are positioned vertically to the left and right of 
the centerline of the tube, and deflect the beam horizontally . 
Positioning controls R2 and R3 are parallel-connected, 
and are connected between B+ and ground through Rl and 
R4, Since one of each pair of deflecting plates is connec- 
ted to ground, a d-c positioning voltage exists between the 
plates and ground. Thus, by adjusting the positive voltage 
on R2 and R3, the electron beam is attracted (deflected) 
toward them and can be centered on the tube face. A sim- 
plified version of the positioning circuits is shown in the 
following figure; since one of each set of deflecting plates 
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Unbalanced Positioning Circuit 


js connected to ground, the circuit is unbalanced. Controls 
Rl and R2 are represented simply as variable potentiome- 
ters between B+ and ground. A simplified positioning cir- 
cuit of the balanced type is shown in the accompanying 
illustration, and is discussed below. 

In the balanced circuit, each deflecting plate (D1 
through D4) is controlied by a separate potentiometer (R2, 
R3, R6, and R7), and the plotes are isolated and balanced 
equally by being connected to the positioning controls 
through equal resistors Rl, R4, R5, and R8. Each plate is 
also connected to the deflection amplifiers, through a cou- 
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iHustration 22-3 
Balanced Positioning Circuit 


pling capacitor, in a push-pull arrangement. Thus the CRT 
is balanced for de, for ac, and for any stray capacitance to 
ground. Since the isolating resistors (RI, 84, RS, and R8) 
are always of a very large value, the deflecting plates may 
be connected into any circuit without danger to the opera- 
tor (it takes a current of only a few microamperes to drop 
the positioning voltage to zero). 

Power Supply. A typical power supply for an elemen- 
tary oscilloscope is shown in the illustration. Two full- 
wave rectifier tubes are used with a single transformer to 
supply a positive low voltage for circuits other than the CRT 
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and a negative high voltage for the CRT. The low-voltage 
supply is a conventional full-wave rectifier circuit with 

the center tap grounded, and B+ is taken from the cathode 
and applied to a single pi-type C-L filter (C1, L1, and C2). 
The negative -voltage supply uses the other full-wave 
rectifier tube (V2), with the plates parallel-connected as a 
half-wave rectifier, and the low-voltage center tap used as 


Bedi es: at the: emal lamauntchament 
a common ground, Because of the small amount of cuirent 


taken by the CRT, the simple R-C filter offered by the 
bleeder and C3 is sufficient for hum elimination, The low- 
voltage output is on the order of 400 volts, and the high- 
voltage output is about 1000 volts. The filament windings 
for the CRT, as well as the other tubes, are also included 
on the same transformer, providing @ compact and economi- 
cal power supply. 

Sweep Circuit. To provide a time base for the wave- 
form, the CRT beam must be deflected horizontally acrass 
the face of the tube from left to right, then caused to return 


quickly from right to leit, reudy to resume unotiver cycle 
operation. A sweep voltage obtained by the charge and dis- 
charye of a capacitor is employed for this pursose, During 
the charging period the sweep is developed and the beam 
moves from left to right; during the discharging period the 
capacitor reverses polarity of deflection and the beam moves 
back to the start (retrace time). Some oscilloscopes provide 
blanking for the retrace period so that the return sweep canno 
be seen. A typical thyratron type sweep yenerator for gen- 
eral oscilloscope use is illustrated. Other types of relaxa- 
tion oscillators, such os a neon tube, a vacuum tube R-C 
oscillator with discharge tube, or a multivibrator, could be 
used, provided that ar 


waveform is produced. 


magnably Vn awe 2m beth oo 
easonauly near sawtsoth s 


SAWTOOTH SWEEP cé 


SYNC 70 HORIZ. AMPi.. 


INPUT BLANKING 


RI 


Typical Sowtooth Generator (Thyratron) 


Thytation tube Vi) operates us a feluxuiiunciy pe aseilia- 


tor at trequencies trom 2 to lJu,JuU cps. ‘he frequency of 
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operation is selected roughly by 31, which connects various 
values of capacitance between the cathode and plate of the 
tube. The frequency of operation is adjusted finely by 
variable resistor A, wnich, together with RS and the capa- 
citor selected by S1, orovide a specific frequency fixed by 
the time constant of tne R-C circuit. 25 primarily deter- 
mines the amplitude over the ranye adjustable by 6 for a 
specific supply voltage. Normally, the circuit starts in an 
inoperative condition with the cathode fixed-biased by volt- 
age divider R3 and R4, and capacitors C2, C3, or C4 

(as selected by $1) charge slowly at a rate determined by the 
setting of 36. When the voltaye between the cathode and 
plate reaches the ionization voltaye (value depends upon 


type of yas used), the tube fires. Heavy current flows from 
the cathode to the 


late and eff 


vely srodu. of Siinre'=! 
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circuited condition across the capacitor selected by 31. 
Thus, the capacitor quickly discharyes unti! the deionization 
voltage is reached and the tube stops conducting, resting 

in a biases-off condition, and te cycle of operation resumes 
again, During the charging period, blanking capacitor C6 

is also charging slowly and reduces the CAT bias, allowing 
operation. ‘When V1 conducts, C6 discharges through a grid 
cathode resistor in the CRT circuit, and the common tleeder, 
biasing the CRT off and blanking off the retrace interval. 

Capacitor Cl is a coupling capacitor which upolies 
the syne signal between Rl and ground; the amount of syn- 
cnronizing signal fed to the grid of V1 is adjusted by the 
position of Rl. Resistor R2 is a protective resistor which 
limits grid current flow to a safe value; it also acts as a 
decoupling resistor. Capacitor CS bypasses cathode resistur 
14 to prevent siegenerative feedback during sweep oneration, 
and effectively shunts #4 so that it is not a part of the 2 
time constant circuit. 

Synchronizing Methods. To keep the waveform station- 
ary on the face of the CRT tube, tne sweep frequency ~ust 
be an exact multiple or submultiple of the wavefor.» ser 
onsetvatian , 


fo avoid the need for constant rese ttin 
sweep frequency control because of drift, power-supply 
voltage chanyes, etc, a sweep-locking or sychronizing cir- 
cuit is provided, In the basic unit, a three-position switch 
is generally provided to permit selection of eitheran external 
signal, a 50~cycle signal, or the internal sween (or input 
sigiiui) tuken from tie vertical deflection amplitier plate. 
Since some circuits do not have an output of the oroper 
polarity for synchronization, an adjustable synchronizing 
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one of three inputs: an external synchro- 


. lube V1 is a paraphase 
amplifier, witn tne grid returned to ground through .{1. The 
tube is cathode-biased and unbypassed; the olate and 

cathode resistor, R2 and 33, are of 
fot the sane current identics i 
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Typical Sync Input Circuit 


cathode-output signal is positive. For a neyative input 
signal, a positive plate-output signal is developed, and the 
cathode is negative. Both plate and cathode outputs ae 
coupled through capacitors C2 and C3 to a common load 
tesistor, grounded at its center tap and also variable. At 
the ground position both signals are equal and opposite, 
and of zero amplitude; therefore, no output is obtained. 

As Ré4 is rotated in either direction, the signal amplitude 
is increased. Since the synchronizing signal to the sweep 
generator must be of positive polarity, for a negative input 
to V1 a positive signal is available on the plate side, and 
for a positive input to V1 positive signal is available on 
the cathode side. Thus a signal similar to the inout signal 
but of positive polarity is obtained and couped through C4 
to the thyratron sweep generator discussed above. When 
this paraphase input is supplied, the sweep generator has 
a fixed grid resistor instead of the variable one shown in 
the illustration of the thyratron sweep generator. 

When the sweep generator is adjusted to a sliyhtly 
lower frequency thon that desired, a positive-yoing sync 
signal applied to the grid of the thyratron will cause ioni- 
zation to occur earlier in the operating cycle. Since this 
has the effect of changing the ionization potential, the 
frequency of operation is increased and the sweep yenerator 
locks~in and operates at the same frequency as the sync 
signal. Thus the CRT waveform remains stationary, rather 
than drifting across the scteen, because it is synchronized 
so that the sweep occurs at the same place at the same time 
each sweep, 

Deflection Amplifiers. To produce satisfactory de- 
flection with small signals, it is necessary to employ both 
vertical and horizontal deflection amplifiers. These stages 
may be single-ended or push-pull (unbalanced or balanced); 
they ate conventional video amplifiers designed for the de- 
sired frequency response and linearity. A simple equipment 
usually provides only one staye of amplification and an 
output staye, whereas a laboratory-type equipment provides 
two or three stages of amplification with output stages. 
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The horizontal amplifier in a good scope is identical 
to the vertical amplifier, permitting the same signal to be 
applied to the X axis and the Y axis. In the majority of 
oscilloscopes, however, only the horizontal sweep is amp- 
lified; thus less gain is needed since the sweep output vol- 
toge is large. Because the sweep is usually a submultiple 
in frequency of the observed signal, less frequency res- 
ponse is needed, Thus the horizontal deflection amplifier 
need not be described, since the vertical amplifier has more 
stringent requirements. 

Since the vertical amplifier must be able to amplify 
very weak signals with sharp rising waveforms, it must have 
good frequency response and large amplification, To cover 
the range of siynal amplitudes encountered, the vertical 
input is usually provided with an attenuator. Simple poten- 
tiometer-type attenuators are shown in the accompanying 
figure. 
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Potentiometer Attenuators 


The simple circuit shown in part A of the illustration uses 
the potentiometer as the output load resistor of an R-C 
coupling network. Thus, since the yrid-to-yround impedance 
(Zg) of the input tube is in shunt across it, as the poten- 
tiometer arm is moved upward the impedance presented to 
the circuit under test is decreased (less loading and less 
attenuation). The simple step-attenuator circuit shown in 
part 8 of the illustration is a better type of input circuit, 
allowing coarse selection of the attenuation ratio with 
switch Sl, and fine adjustment with potentiometer 33, It 

is evident that even for the smallest input step resistance, 
the full range of R3 is available for control. With the avail- 
able settings of Sl, the input impedance will never decrease 
to a value less than the series section of R2 (that portion 
above the upper tap) plus the parallel combination of the 
remainder of 32, K3, and the yrid-to-ground impedance of 
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the input tube. The most desirable input is ia the range 

of megohms, with little or no shunting capacitance to ground. 
To achieve this result sometimes a cathode follower input 
stage is combined with a step attenuator to isolate the os- 
cilloscope input from the staye being tested. The usual 
input capacitance is on the order of 30 picofarads, which 
can be appreciable (1000 ohms at 5 mc}. lherefore, fre- 
quency~compensated attenuators are used in the better type 
of oscilloscopes to minimize the effect of input capacitance 
{as shown in the figure), by presenting identical edance- 
response curves to the circuit under test for the vari 
tenuator settings. 


RI 


Frequency-Compensated Step Attenuator 


Frequency-compensated attenuators iurther provide the 
same voltage division ratic {resistive to reactive) of the 
input signal, so that the drop-off in signal level at the 
higher frequencies can be compensated for in the foliowir g 
video amplifiers. Attenuctor compensation is usu ef- 
fective over the entite useful irequency range of the oscil 
loscope. The attenuator potentiometer is frequency-sensi- 
tive because of the distributed and stray capacitance from 
the moving arm of the potentiometer, the witing and circuit 
elements, and the electron tube inout capacitance to yround. 
‘While the resistance of the potentiometer must be as hi. 
as possible to maintain maximum input impeaance, the 
greater the resistonce, the greater the effect of the stray 
capacitance. Since there !s only one setting of the attenua- 
tor atm where the resistance division and the egpde itance dun 
ision are of the same ratic, shunt cy 
ate added to the attenuator, as show i 
to provide frequency compensation. When the attenuator 

{SH is set to position 2, the input to te amplifier is teCucsn 
to one-tenth of the total signal actoss the Aoliane divider. 
His then one-tenth of Hl plus 3 
citive reactance 1s then chosen to be of 
That is, the reactance of C2 and the stray conacitive reac- 
tance of 03 is made to be one-tenth of the total recctance 
of Cl in seties with the parallel combinction of « 


‘ay capacitance indicat 


iS Gdtnsted rime operation t¢ to praduce the best compensu- 


tion eftects, using a square-wuve dapat (lida is eae initic. 
jy and once calibrated req ro} 


we urly on occasional check}. 
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Since most attenuators and amplifiers have reduced 

high-frequency response becouse of the shunting effect 

of stray capacitance, a parallel R-© circuit in series with 

the input lead is usually inserted 10 boost the relative tes- 

ponse of the attenuator at high frequencies. Another 2 

is an input probe located at the end of a special conn 

cabie which applies the input tu the verticc! amplifier, 

The probe houses a frequency-compensated voitaye divider, 

and 1s constructed io reduce io a minimum the aincunt af 

shunt capacitance existing at its input terminals. This is 

usually called a ‘‘D-C probe”, or simply “input probe’’, 

3s distinguished from on “t-f probe’, which contains a 

dicde rectifier to remove the modulation. 

i stege vertical amplifier is sno. 


ing 


aulicGhy in the pa ee s iMustretiqns 


onventional push-oull parashase deflection output 
ion § for ¢ discussicn of deflection sutput om 
The vertical input signal is applied through 


it are 


Stayes). 
vlocking and coupliny capacitor Cl to a cathode tolls: 


attenuator stage incotporating triode VI. The attenuator is 
a two-step, frequency-compensated type. For signals under 
25 volts, Si connects the input directly to the grid of Vi- 
For signals over 25 volts, C2 is adjusted so that the time 
constant of the circuit consisting of C2 and Rl is the same 
as the lime constartof the it consisting of C3 and 1 
parailel combination of 32 and 33, includiny the stray sti 
to-ground capacitance of V1. Thus the attenuation in this 
position of Sl is practically constant for all frequencies. 
‘The constants are so proportions that the input impedance 
38 approximately 2 megolms for either position of the ct- 
tenuator, with on effective shunt input capacitonce of avout 
40 picoforads. Although V1 has its cathode connected to 
280-volt supply, the plate current flow through R4 anc 
RS is sufficient to bias the cathode positive with respect tc 
ground. The output of cathode follower Viis taken from 
the cathode through C5, which is o lar t 
Sderot ee and applied tn tne input vain poven- 


a 
a- 


Star f 
ye capacitor (on 


$ a conventional filter cavc- 
citor to ‘byoass 6 negative supply. Y-vain (vertical) con- 
trol R6 contro!s theamplitude of the input signal iv the 
two-staye, high-gain compensated video amplifier con- 
sisting of V2 and V3. Both high-frequency and low-freg 
mpensation ore employed in euch stuge. Tie cat 


censates ict the rormai roo off ut a 
catends 1 S 
sed by peaking coils L y 
compensate for tne shunting @ilect of tube and witiiy Cupun 
citance, providing a feactance which increuses w 
quency use of the peaking coils extends the tesponse 
nigh- frequency 
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Vertical Deflection Amplifier 


(on the order of 1 second). Amplifier V3 is fixed-piased 

uy connecting the catiode to the junction of tis and 314, 
which are connected in series between the plute supply snc 
yyound. Cathode resistor R14 is also unbypassed so tnat 
the circuit is completely deyenerative for nigs ani low 
frequencies, further improving the over-all frezuency res- 
ponse, The use of the fixed cathode bias sets the opersting 
point of V3 and helps stabilize the staye. An outout from 
the cathode of V3 is taken for application to the syne cl 
suit for internal synchronization. The output of ¥3 is 
to cathode follower output staye V4, which is biased 
with respect to ground by plate current flow, even thouyn 

the cathode is returned to the minus supply. Variable poten- 
tlometer R15 serves as an output ond positioning control 

for the following parapnase amplifier. The paraphase a:pli- 
fier is similar to those described in Section 4; therefore, 

it is not further discussed here, 


itive 


FAILURE AAALYSIS. 

Beom-Positioning Circuits, Usually, a control circuit 
failure is indicated by loss of a specific contral function, 
and can ve quickly verified by a resistance o: volts 
It must be understood that all controls affect alec 
beam in some manner, and that the controls are interacti 
For example, increasing the intensity of the be vill also 
thicken the beam and require 3 recdjustment of the iecus 
contsol for the thinnest line at that intensity. Lixe.vise, 

a change in accelerating anode potential will cause a 
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change in spot diameter and the maximum intensity avail- 
able. Where high humidity and excessive moisture prevail, 
control failures from insulation breakdown, are usually 

more prevalent because of the high potential involved, which 
causes a short circuit to ground. 

Power Supply Cireuits. Because of the high negative 
potentials used for operation of the CAT electron gun, the 
oscilloscope cower supply is particularly susceptible to 
flash-over, particularly in damp and humid locations. A 
voltage check is usually sufficient to reveal the location 
of the trouple. 

Sweep Circuit. Failure of the sweep circuit is evident 
by a lack of horizontal deflection, assuming that the beam 
positioning aad adjusting cirquits operate. s nonlinear 
sweep produced by changes in value or failure of components 
will show itself as a crowding toyetier (or an expansion) 
of the waveform at theends (of in the middle), particularly 
when a xnown linear waveform is observed. Jistortion which 
results from the opolication of an excessive amplitude of 
sync pulse to the synchronizing circuit should not be con- 
fused witn sweep nonlinearity. Most sweep troubles can be 
cottected by replacement of defective electron tubes, al- 
though there may be an occasional component failure. “here 
thyratron or other yas tubes are used, it may be necessary 
to try two of three tubes before obtaininy one that will 
h vacuumn-tube sweep Circuits, 


ay be necessary. 
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Synchronizing Circuits. When the sync pulse amplitude 
is insufficient, or is of the wrong frequency or polarity, 
synchronization will not be obtained. With internal syn- 
chronization, lack of signal to the synchronizing circuit 
can occur from poor switching contacts or by failure of any 
component in the sync circuit. Wrong polarity con occur 
with external sync, put net with internal sync. Incorrect 
syne amplitud sated for by adjusting tne input 
control, In the case aE the controllable sync amplifier, 
only a shorted or open component or a kad tube can cause 
difficulty. A resistance check should quickly reveal the 
trouble. False synchronization is possible with unstable 
operation due to improper setting of the sync and fine tuning 
controls. Over synchronizction results from too large a 
synenronizin guise, and causes distortion uf tie wavelorm 
under view. Reduction of the sync input will return the 
circuit to normal. The effects of poor voltage regulation 
may also result in apparent instability, but this is the fault 
of primary transients rather than sync circuit action, This 
type of instability is usually recognized easily as it is 
usually coupled with constant fluctuations of the CRT pre- 
sentation up or down and to the right or left, or by a con- 
stant jittering of the pattern. 
Deflection Amplifiers. La 


of romopnents or an el. 
‘cof components or an e! 


“atput can be caused by 
tron tube, ond can quickly 
be isolated by using enother oscilloscope to check the siq- 
nal from grid to plate through the amplifier for the point of 
signal disappearance, In most oscilloscope amplifiers, it 
is possible to have the circuit operating, but producing 
faise indications because of failure of the compensating 
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circuits. Use of a square-wave input will quickly deter- 
mine whether the circuit is rounding off the peaks because 
of the lack of highs, or drooping at the top decause of bad 
low-frequency response. Comparison of the same waveforr 
on another scope vwricn is in seod condition is the best 
method of determining performance. 


SYNCHROSCOPE. 
APPLICATION. 


A synchroscope is a waveform measuring device very 
similar to an oscilloscope, only it is used primarily for 
observing pulse waveforms of short duration. 


CHARACTERISTICS. 
Vertical Input. 
Variable input impedance - may be matched with the 
output impedance of the signal source. 
Vertical input delayed before being applied to vertical 
plates. 
Syne Input. 
Variable input impedance 
Sweep only generated when a syne signal is present. 
Syne signal n may be intemally or externally originated. 
Cathode Ray Tube 
Electrostatic - uses medium persistence phosphor. 


CIRCUIT ANALYSIS. 
General. The following circuits were chosen as basic 
examples of circuits commonly used in synchroscopes. 
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Each circuit was selected to bring out the basic principles 
and requirements necesscry fer circuits used in nor- 
repetitive waveform analysis, even though similar circuits 
may be used in other sections of themanual. The circuit 
discussion is limited to essentials needed for cathode tube 
displays. 

Beam-Positioning Circuits. A basic beam-positioning 
system used in o synchroscope, using a balanced deflec- 
tion network, is shown in the accompanying illustration. 

The voltages for the CRT electrodes are taken from a 
common voltage divider between the negative voltage 
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supply and ground. The voltage divider is qrounded at the 
positive voltage required for the accelerating anode, while 
the cathode is operated at a high negative potential with 
Tespect to ground, the low voltage is operated above ground. 
Thus, with the positive low voltage ond negative high 
voltage at above cround potential, the case and chassis 
can be grounded for the protection of the operator. 

It is evident from the schematic that resistors R10, 
Rl, R12, R13, and R14 form a voltage divider from the 
junction of the negative supply to ground, and at the 


=a 400 yi Vv 


junction of RG and Ril some vositive voltcae exists. 
The control srid is supplied with a positive unblenkina 
pulse, produced hy the stert-stop sweep aenerator, which 
enables the CFT to consict. As in conventional circuits 
variction of the volte:e on the arid permits the CRT to 
conduct more or less heavily. Anode no. 1 is connected 
to a much lower point or the cividers thus it is effectively 
much more positive than the arid and cathode, and attracts 
the electrons from the cathode. 
on this focusing anode, the electron beam from the cathode 
is directed so that it converges at a point on the face of 
the CRT. Anode na. 2 of the C&T is arounded: thus, 
since it is at a more positive voltece than the focus: 
anode, it attracts the electron beam and accelerates it. 
The acceleratin: enode is ¢ concentric ring similar to the 
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HSV AC 


Typical Power Supply 


By varvine the d-c potential 


focusing anode, and the focused beam passes through the 
center, losing only stray unfocused electrons. The second 
anode current, therefore, is minute and does not detract 
from the beam. As the beam passes from the acceleratina 
anode to the face of the tube, it passes between two sets 
of deflection plates. The plates of the set nearest the 
second anode are positioned horizontally above and below 
the tube centerline, and deflect the beam vertically. The 
plates of the second set are nearest the face of the tube, 
and deflect the beam horizontally. 

Each deflecting plate (Bi through D4) is controlled 
by a separate potentiometer (R3, 84, R7, R8), and the 
plates ore isolated and belanced equally by being con- 
nected to the positioning controls through equal resistors 
R2, RS, R6, and RG. Each plate is also connected to the 
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deflection amplifiers, throuch a couplina capacitor, in a 
push-pull arrangement. Thus the CRT is balanced for dec, 
for oc, ond for any stray capacitance to ground. Since the 
isolating resistors (R2, R5, R6 and R9) are always of a 
very large value, the deflecting plates may be connectec 
inte any circnit without danger to the operator {it takes a 
current of only a few microamperes to drop the positioning 
voltage to zero). 

Power Supply. A typical power supply for an ele- 
mentary synchroscope is shown in the accompanying 
illustration. Two full-wave rectifier tubes are used with 
a Single transformer to supply positive low voltage for cir- 
cuits other than the CRT and a neaative high voltage for the 
CRT. The lower-voltage supply is u conventions! ful 
rectifier circuit with the center-tap drounded, and B+ is 
taken from the cathode and applied to o single pi-type C-L 
filter (C1, L1, and C2). The neaative hich voltage supply 
uses the other full-wave rectifier tuhe (V2), with the plates 
parallel-connected as « half-wave rectifier, and a low volt- 
age center tap used gs a common qrounc. Because the 
small amount of current taken by the CRT, the simple R-C 
filter offered by the bleeder resistor R] end capacitor C3 
is sufficient for hum elimination. The filoment windings 
for the CRT, as wel! as other tubes, ore also included on 
the same transformer, providing a campact and economicai 
power supply. 

Horizontal (Sweep) Channel. There are two types of 
sync signal input available at the input of the horizontal 
channel. A positive pulse derived from the signal 
may be taken from the coupling amplifier, or some external 
syne may be apolied from an external source. 

With the sync switch in the int. sync position, 2 
positive pulse (taken from the coupling omplifier) is ap- 
plied to the sync pulse amplifier, where it is inverted, 
amplified, and formed into a sharp spike. The circuit used 
to develop this s int 
tration. The positive pulse is applied through capacitor 
CJ to triode Vi, where it is inverted and amplified at the 
plate. The variable potentiometer K J determines the 
amount of amplification of the signal. The sync pulse is 
coupled through capacitor C2 and resistor R3, which de- 
velops a differentictec torm of the negat've rectangula: 
pulse. The output is taken from across K31n the form of a 
negative spike occurring at the pulse inout frequency. 

The typical sweepaenerutor is a sta i 
vibrator, shown in ine 
circuit is a cathode cou 
vibrator, with the grid of Vi at a high positive potential 
and the gric of ¥2ar a bigs. nesative Liss value + 
Viis normally conductine heavily and vz 1s normcliy 
cutoff. With the application of ine necaiive input 
Vii is cut off and V2 is brought to maxim: 
a period of time determined by tne tume constant of tne 
circuit. This time constant 1s dependent on the values of 
R2, Cland R4,C be resultine output, taken from the 
plate of Vi, is c positive rectancular pulse obtcined durin 
the time ther V2 fe 


i des usins 
rectanaular quip 


shown in the act 


mponying ifins- 
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Rt 


Sync Pulse Amplifier 


that the input siqnal is to he viewed, the rectangular out- 
put pulse is applied to an RC circuit (AS and C3} where 
it is intearated. A sawtooth output is then obtained from 
C3, which has the same duration as the unblanking puise. 
This sawtooth is applied to drive the output sweep ampli- 
fier shown in the accompanying illustration. The output 
sweep omplifier is a paraphase push-pull type ot amplifier 
which produces o sawtooth weveform fromeach output, 
equal in amplitude but of opposite polarity. The sindle 
input (driving} sawtootn is applied throuch Cito the arid 
of Vi where it is amplified and inverted. The output of 
Viis applied to the grid of V3 and across voltage divider 
RS ond R6, connected from output to stound. The voltage 
dropped across HK is applied to the qrid of V2 Since the 
input of V2 is 180° out of phase with the input of V2, 

the outputs of Vl and VZ are likewise 180° out of phase. 
The outputs of Yi and V2 ore applied to V3 and V4, re 
spectively, where these outputs cre amplified and supplied 
to opposite horizontal-deflection plates in the CRT to 
produce a balanced deflection of the electron beam (de- 
tailed description of the operation of paraphase omplifiers 
can be fox is Handbook}. 

Vertical Channel. nai input is onnlied to tie 
vertical channei throush on input impecance select: 
Circuit, which is used to metch te outpuL un el 
the sional source to the input impedance of the couplinc 
omolifier. A tvoical, simplitiec, input impecance select 
Circuit i illustration. 

mput amplifier, 
with the inout signa: being coupled to the control grid ci 
Ylacross an input volteve divider consistine of veriable 
resistor R land tixed resistor RZ The variable resistor 
provides both a means of attenuatins the inner signal, and 
a method of supplying ¢ variable incut impedance for the 


synchroscape; while fixed resistor RZ determines the mini- 


inis circuit uses 
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+E UNBLANKING 
bb PULSE TO 
“— CONTROL GRID 


OUTPUT 


NEGATIVE © 
VOLTAGE 4 


Start Stop Sweep Generator 


Poraphose Push-Pul! Amplifier 


mum input impedance to V1. Together this resistive input 
carongement focilitctes matching the input impedance of 
V1, to the impedance of the sianal source. Resistors F3, 
R4, and R5 are different values of cathode bias resistors. 
These different values are selected by o switch to provide 
a large range of attenuation for the input sianal by chonc- 
ing the input bias. Capacitors Cl, C2, and C3 ore con- 
ventional cathode bypass capacitors associated with these 
cathode resistors. Besides providing ¢ variable input im- 
pedance, and a large attenuation range, the input selector 
circuit provides high omplification with undesired inversion 
of the input signal at the plate of V1. Therefore, another 
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amplifier stage{¥2} ts providedto supply an additional 
380° phase shift, so that the output of stage V2 is in phase 


SIGNAL 
INPUT 


ce 


Input Impedance Selector Circuit 


with vertical input signal. The output of the input imped- 
ance selector circuit is cpplied to a coupling amplifier. 

The coupling amplifier, shown in the accompanying 
illustration, has two functions. 


Ra { 
TO SYNCHRONIZING 


© PULSE AMPLIFIER 
{HORIZONTAL CHANNEL) 


vi 


TO DELAY NETWORK 


INPUT © (VERTICAL CHANNEL) 


nN 


Coupling Amplifier 


One function is to supply a pulse to the synchronizing 
pulse amplifier when internal sync is used, This syne 
pulse, which is the inverted and amplified input to the 
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coupling amplifier, is obtained at the plate of VJ, and 
is coupled through cn Int—Ext. sync switch to the sync 
(pulse) omplifier. The pulse then serves as a triqger for 
the start-stop sweep generator. 

The second function of the coupling omoplifier is to 
act as a cothode follower, pr impedance match 
for the low-impedance input of the delay network. This 
input is the uninverted signal pulse obtained at the 
cathode of V1 without cmplification, A potentiometer is 
used for RZ instead of a fixed cathode resistor. The po- 
tentiometer setting determines the amplitude of the pulse 


obtained at the cathode of V1, This poteritiometer functions 


as a vertical image size control. 

The pulse cbtcined at cathode of the coupling 
amplifier is applied to a delay network, which prevents 
the pulse from causing a vertical deflection of the electron 
beam until shortly after the sweep has storted. (A typical 
delay time is 1/2 wsec.}. An cccompanying illustration 
shows a delay network which may be used, It is composed 
of series inductors and shunt capacitances terminatina in a 
resistor having an ohmmic value equal to the total imped- 
ance value of the foreqoing inductors and capacitors. The 
delay effect is due to the fact thot each capacitor retards 
the voltage from pecting across it, ond each inductor re- 
tards the current from flowing through it, The terminati 
resistor minimizes reflections of standing waves. (Stand- 
ing waves upset the normal function of the delay line and 
introduce error}. 


DELAY NETWORK 
Delay Network 


The delayed signal is coupled thirouah a sianal at- 
tenuator, which is a tapped vo tage divider, to the Nertea 


omplifier, A typical attenuator 


aying : i 


disslibmted and stray capacitance of his cireuit and the 


ustration 


tollowing circuit. Frequency-compensate? attenitars 


further provide tne voltage 
reactive) of th 


i ratio {resistive and 
1, co thet the loss in siqnal 


the following ampiitiers. Attenuutol Compensation is 
usually effective over the entire useful frequency renge of 


the scone. ihen a potentiometer type of attenuator is used, 


the attencuator potentiometer i is frequency-sensitive be- 
© from the 
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INPUT 


Signo) Attenvotor 


elements, and the electron tube input capacitance to around. 
While the resistance of the potentiometer must be as high 
as possible to maintain maximum input impedance, the 
greater the resistance, the greater the effect of the stray 
capacitance. Since there is only one setting of the attenu- 
ator arm where the resistance division and the evecpacttcnce 
division are the same rctio, shunt capecitors Cl and C2 are 
added to the attenuator, as shown in the i}lustration to pro~ 
vide frequency compensation, ‘ihen the cttenuator (S1) is 
in position 2, the input tothe amplifier is reduced to one 
tenth of the total signal across the voltoce divider. R2 is 
then one-tenth of Ri plus R2. The ratio of the capacitive 
reactance is then chosen to be of the same order. That 
is, the reactance of C2 and the stray capacitive reactance 
is, the reactance of C2 and the strayc apacitive reactance 
of C3 ismade to be one-tenth of the total reactance of Cl 
in series with the paralle] combination of C2 and C3. 
Normally, because of the difficulty in measuring the stray 
cepocitance indicated by 73, C lis made varinhle and is 
adjusted during operation to produce the best compensation 
effects, using o square-wave input (this ismace initially 
and once calibrated requires only en ot 
Since most ottenuators and on nu 
jnency response hecmise af the shunting ¢ effect 


8 hove reduced 


elle inserted tn boost the relative 


response of the 
A typical three-stace vertical ‘coplifier is shown in 

the accompanying iJlustration; it drives a push-puil 

paraphase deflection cutput amp. ar to the one 


used as the horizontal 


Although Vi tus its cat! ecative 
high voltage supply, the plate current flow throuan Riand 
R2 is sufficient to bias the cathode positive with respect 


th 


allawer Tks teen 


to cround follower Volis tax 


ib 
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Vertical Amplifier 


from the cathode through C2, which is a large value capaci- 
tor, and applied to an input gain potentiometer R23. Capaci- 
tor C3 is a conventional filter capacitor used to bypass 

the negative supply. Vertical qaincontrol R3 controls the 
amplitude of the input signal to the two-stage, high-aain 
compensated video amplifier consisting of V2 and V3. Both 
high- and low-frequency compensationare employed in 

each stage. The cathode of V2 is bypassed by a small 
capacitor, which makes it degenerative for low frequencies, 
thus reducing the response and flattening out the low- 
frequency response. Low-pass R-C filters RS, C5, and 

R6, C6 offer a high impedance to the low frequencies and 
a shunt poth to the high frequencies in the plate circuits 

of the amplifier. Thus the effective load impedance at low 
frequencies is increased, which compensates for the normal 
drop off, and extends the low frequency response. The 
high-frequency response is increased by peaking coils Li 
and L.2, which compensate for the shunting effect of tube 
and wiring capacitance, providing a reactance which in- 
creases with frequency. To help improve the hiqh- 
frequency response, plate load resistors R4 and R7 are 
made low in value to reduce the shuntina effect of stray 
capacitance. To improve the low-frequency response, the 
time constants of R-C coupling networks C7, R8 and C8, 
R12 are long, Amplifier V3 is fixed-biased by connecting 
the cathode to the junction of R10 and Ril, which are 
connected as a voltage divider in series between the plate 
supply and ground, Cathade resistor Rli is also unbypassed 
so that the circuit is completely deqenerative for high and 
low frequencies, further improving the over-all frequency 
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response. The use of a fixed cathode bias sets the oper- 
ating point of V3 and helps stabilize the stage. The outpu 
of V3 is fed to cathode follower output stage V4, which is 
biased positive with respect to around by plate current 
flow, even though the cathode is returned to the minus sup- 
ply. Variable potentiometer R13 serves as an output and 
positioning control for the following paraphase amplifier. 


FAILURE ANALYSIS. 

Beam-Positioning Circuits. Usually, ¢ control circuit 
failure is indicated by loss of a specific control function, 
and can be quickly verified by a resistance or voltage 
check. It must be understood thot all controls affect the 
electron beam in some manner, and that the controls are 
interacting. Forexample, increasing the intensity of the 
beam will also thicken the beam and require a readjustmen' 
of the focus control for the thinnest line at that intensity. 
Likewise, o change in accelerating anode potential will 
cause a change in spot diameter and the maximum intensity 
available. Where high humidity and excessive moisture 
prevail, control failures from insulation breckdown are 
usually more prevalent because of the high potential in- 
volved, which causes a short circuit to qround, 

Pawer Supply Circuits. Because of the high neqative 
potential used for operation of the CRT electron qun, 
the synchroscope power supply is particularly suscep- 
tible to flash over, particularly in damp humid locations. 

A voltage check is usually sufficient toreveal the location 
of the trouble. 

Horizontal (Sweep) Channel. A failure in the hori- 
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zontal channel can be due to a failure of any of the indi- 
vidual circuits comprising the channel as well as two 
Circuits within the vertical channel. If the input impedance 
selector and the coupling amplifier, the two circuits within 
the vertical channel, are the cause of the sweep failure; 
ihe vertical deflection will also be defective as well as the 
sweep. If this is the case, voltage and waveform checks, 
made by a voltmeter and an oscilloscope will reveal the 
location of the faulty component within the two circuits. If, 
however, there isno trouble with the vertical deflection and 
faulty sweep exists, the trouble exists within the three 
horizontal channel circuits. Beainnina with the sweep 
amplifier, the inputs should be checked with a voltmeter and 
an oscilloscope, If the proper input exists the trouble is 
within this circuit. If an improper input exists check the 
input of the start-stop sweep generator with an oscilloscope. 
Tf the input is proper the trouble must exist in the start-stop 
sweep generator. Voltage and waveform checks with a 
voltmeter and an oscilloscope will reveal the location of 
the faulty component. If the input to this circuit is proper, 
check the input to the sync (pulse) amplifier. If the coup- 
ling amplifier is working properly and the sync selector 
switch is functioning properly, the trouble should be within 
the syne (pulse) amplifier. Voltage and waveform checks 
with a voltmeter and oscilloscope will reveal the faulty 
component. 

Vertical Channel. A failure in the vertical channel 
{s characterized by improper omplitude of the presento- 
tion of the pulse on the synctuoscope screen, There are 
six circuits which could result in the vertical channel 
failure, Two of these, the input impedance selector, and 
the coupling amplifier, produce sweep failure. The trouble 
shooting of these circuits has alrecdy been mentioned. 
The other four circuits of the vertical channel, the push- 
pull paraphase amplifier, the vertical amplifier, the signal 
ottenuator, and the delay network, affect only the vertical 
display of the scope. If the failure exists in the delay 
network, the vertical deflection will not occur at the 
proper time interval with respect to the sweep. If this 
effect is apporent on the display, check the delay network 
with an oscilloscope to determine where the improper wave- 
forms of voltagesexist. If the failure exists in the pusn- 
pull paraphase amplifier the vertical position of the display 
on the CRT screen is improper. If this is apparent on the 
display ¢ f 
paraphase anpl 
where the faulty 
the vertical channel hive been checked and j found to be 
Operating properly, and trouble stillexists in the vertical 
disploy, the troubie must exist inthe sianal attenuctor oF 
the vertical ampiifier. Ti 
exists check the appropriate voltages and wavef. 
an oscilloscope. 


f the push-pull 


located. 
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important uses to which cathode-ray-tube displays and 
their associated circuitry are applied is the location of 
objects or targets in space, This prime purpose of 
radar. Generally speaking, there are two types of radar 
systems; the pulsed rador system, and the continuous 
wave radar system. Since continuous wave radar systems 
ate very rarely used, the discussion in this section is 
limited to displays associated with pulsed radar systems. 
The display units used in pulsed radar are either de- 
flection modulated or intensity modulated. These terms 
describe the method by which the echo signal affects the 
trace on CRT. In deflection modulated disploys, the input 
signal, after heing detected ond amplified, is appli 
deflection system of the CRT, and shows up os a pulse or 
pip on a circular or single horizontal sweep line. Typical 
radar displays of this type are the A-scope and the J-scope. 
In intensity-modulated systems, the echo is fed to an 
intensifying circuit, which changes the bias on the control 
gtid of the CRT. The control grid is normally biased at 
cut-off. When the siqnal is received, it causes the bias on 
the control grid of the CRT to become less negative, 
thereby increasing the density of the electron bear: and the 
intensity of the trace. Typical radar displays of this type 
are the B-scope and the C-scope. 


= the 
to the 


APPLICATION. 

The A, B, C, and J-scope type CRT presentations are 
relatively simple rodar displays used for the purpose of 
locating the position {range and bearing) of ¢ tarset with 
respect to the position of the radar. 


CHARACTERISTICS. 

A-Scope and J-Scope presentations use deflection 
modulated displays. 

A-Scope and J-Scove presentations use single line 
displays. 

A-Scope and J-Scope presentations show only one com- 
ponent of location (usually direction). 

B-Scope and C-Scope presentations use intensity modu- 
lated displays. 

B-Scope and C-Scope presentations form rectanaular 
tield displays. 

B-Scope and C-Scope displays show two components of 
location (usually direction ond range) 

Aescope, j-scope, C-scope and D-scepe displays are 
usuaily desiqned to use electrostatic deflection systems, 


CIRCUIT ANALYSIS. 

General. The A-, K-, U-, and J-Scope displavs con- 
stitute the most commonly encountered types of radar 
displays employing electrostatic type cathode ray tubes. 
They respond to the reception of echoes of sianal pulses 
striking specific targets, ond present these echoes as pips 
or illuminated targets on the trace of the display, indicating 
location of targets through the time relationship of the 
echo signals compared with the sweep signals. 

The typical A-scan is shown in the accompanying 
illustration. Il consisis of a single horizontal fine with o 
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transmitted pulse identication, representing the becinnina 
of the sweep, and echo pulse indications, representing 
torgets. The transmitted pulse indication has an ampli- 
tude greater than any of the other echo pulse indications. 

The A-Scope is primarily used in conjunction with other 
radar indicators, since the A-Scope can only locate the 
range of a target. The A-Scope is particularly used in 
artillery fire control because of the accuracy of its range 
determination. The A-Scope is also used as a test instru 
ment to observe video input signals during the testing and 
alinement of radar receivers. 


TRANSMITTED FIRST. 
PULSE PULSE SECOND 
ECHO 


CRT SCREEN 


SIGNAL AMPLITUDE 


RANGE 
A-Scope 


Atypical J-Scan is shown in the accompanying illus- 
tration. It consists of a single circular trace line, which 
remains ot a relatively constant distance from the center 
of the CRT face. A main pulse indication on the circular 
trace indicates the beginning of the sweep, and the echo 
pulses ore located somewhere along the circumference of 
this circle. The distance between the echo pulse and the 
main-pulse along the circumference of the circle, indicates 
the range of the target. A calibrated range ring is used to 
measure the distance along the circular trace. 

The J-Scope is used in radar for extremely accurate 
range determination of ¢ particulor target. In the labora- 
tory, the J-Scope is applied to the measurement of very 
short time intervals. 

A typical B-Scon is shown in the accompanying illus- 
tration. It consists of a rectanqularly scanned field made 
up of parallel vertical trace lines, with the center line of 
the field representing zero azimuth (dead ahead) position. 
The rodar location is at zero azimuth position on the hori- 
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zontal base line. Any torgets which appear to the right or 
Jeft of this center line are actually located to the right or 
left of the ship or radar center line, at the vertical distance 
shown, 

The B-Scope is used in radar systems for continuous 
scan of an assigned area, chiefly for ground {or sea) 
targets in a limited sector. 
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A typical C-Scan is shown in the accompanying illus- 
tration. It consists of a rectangularly scanned field made 
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up of a number of parallel horizon:a! lines; the center 
vertical line which bisects the horizontal lenath of the 
field represents a azimuth position, while the center 
horizontal line which bisects the vertical length of the 
field represents zero elevation position. All vertical 
positions above the zero elevation position represent a 
po: e elevation, and ail vertical positions below the 
zero elevation represent 9 negative elevation. 

The C-Scope is used in radar systems for continuous 
scan of an assigned area, chiefly for aircraft interception 
and beam landing. 
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Circuit Operation, The A-and J-Scopes are similar 
in that the signal is obtained from the radar receiver and 
applied thtough vertical amplifiers to the vertical deflection 
elements of the CRT, The manner in which each type of 
scan accomplishes the sweep, however, is different. 

A typical A-Scope atrangement is shown in the accom- 
Panying block diaqram. 

In the A-Scope arrangement G triqaer signal is fed to 


the trigger amplifier sta 


», the received 


echo sianal is applied 4 from t #! 


ver through th 
tnrougn tne 


starting the s sweep may come from either the timer within 
the indica + 

beth emplifies unl sharpens 
then applied to the triqger 
sawtooth voltane is proctirer and apolied tothe horizontal 
deflection plates. The ivsuliunt sweep produces a straight 
horizontal trace line on the CRT. With the application of 
the received echo signal, a vertical deflection in the form: 
of a pip appears located somevshere along the horizontal 
troce. The distance between the radar antenna and the 
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rquer puise, which is 
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target is indicated by the linear position of the pip on the 
trace. Some of the pulse voltage of the transmitter is im- 
pressed directly upon the receiver, and produces a large 
pulse onthe extreme left of the CRT trace. All distances 
are measured relative to this pulse. To facilitate the 
measurement of the distance of the echo pip from the zero 
reference point (transmitter oulee}, calibrated markers 
generated by the marker generator staze are also applied 
to the CRT. Thus hy counting the munber of yarkers be 
tween the transmitted signal and the received echo, target 
distance is quickly determined, 

A typical J-Scope is shown in the corresponding block 
diagram. A crystal oscillator and a phase-shifting network 
furnishes two sine-wave voltages, 9° out of phase, to 
both sets of CRT deflection plates to produce a circular 
trace. The triqqer and sweep circuits blank out the tube, 
intensifying the electron beam only gacina the active 
sweep time, The J-Scope display : the 


= the same as the A- 
Scope display, except that the J-Scone uses a circular 
sweep rather than a linear sweep. Time gnd ranqe measure- 
ments on the J-Scope are more ace 
bs Scope since the J “Sco ope 


metallic rod ngerted 34 hb the ee of the ae almost 
reaching tne detiection piates. The echo siqals then are 
applied to this center electrace from the vertical amplifier. 
The B-Scope and the C-Scope, like the A- and J-Scopes 
are mostly similor in their mode of overation. The R-Scope 
and the C-Scope both use intensity modulated ei 
that is the echo sicnals cubear as hriaht 9 


to either the control crid 


re noth the ne dnd the 
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C-Scope, the sweep scans ¢ rectanqular area on the screen 
of the CRT. Also, in both the B-Scone and C-Scope, the 
horizontal axis always represents azimuth. On the other 
hand, the vertical axis on the B-Scope represents range 
while the vertical axis on the C-Scope represents elevetion. 
The block diagram of a typicel Scope and a typical 
C-Scope otrangement is shown in the correspondina block 
diagram. The only difference in the circuitry between them 
is the omission of the vertical sweep aenerator in the C- 
Scope. The vertical deflection circuits of the B-Scope are 
driven by a linear timebase signal from a sweep aenerctor. 
This sweep is initiated by o sync signal from the central 
timing circuits of the radar. The vertical deflection cit- 
cuits of the C-Scope are driven by @ sweep voltage from a 
variable potentiometer connected the radar antenna. 
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The horizontal-deflection circuits of the B-Scope and 
C-Scope are the sume type of circuits os those used for 
the vertical-deflection system of the C-Scope. The hori- 
zontal motion of the antenna is translated into a reqularly 
varying (sweep) voltage which produces the horizontal 
sweep for the cothode-ray tubes. 

The electrostatically deflected CRT common to the 
A+,B-,C-, and J-Scopes is shown in the following illustra 
tion with its accompanying control circuitry. The tod 
shaped dotted lines, extending from the face of CRT almost 
to the deflection plates represents the electrode used only 
in the J-Scope to which negative video (echo) signals are 
coupled. This electrode causes the electron beam to be 
deflected radially outward in accordance with the incoming 
signals. 
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It is evident from the schematic that resistors R9, 

R10, Rll, R12, R13, R14, R15, R16, R17 form a voltage 
divider network. The cathode of the CRT is connected 
at a less neaative point on the divider than the grid, the 
grid is negative with respect tothe cathode, and is adjuste- 
ble by means of potentiometer R13. Fi3 then, as in con- 
ventional circuits, permits the tube to conduct more or 
less heavily. This is the intensity control. Anode no, | 
is connected to a much lower point on the divider through 
potentiometer R15; thus it is effectively less neaative 
than the cathode and arid, and attracts electrons from the 
cathode. This is the focus contro}. By varvina the d-c 
potential on this control, the electron beam from the cethode 
is directed 0 that it converges at 9 py 
of the Anode no. 2 is at a positive potential and as 
anode no. | attracts electrons from the cathode. It provides 
the function of acting as an auxiliary focus control anc an 
accelerating anode. As the beam ¢ 
ating anode to the face of the tube, it passes between two 
sets of deflecting plates. The horizontally positioned 
plates deflect the beam vertically and the vertically 
positioned plates deflect the beam horizontally. 

A balanced deflection system is used for this cathode- 
tay tube. Each deflecting plate (Di, D2, 03, and D4 is 
controlled by separate dual potentiometers (R2, R3, R6 
and R7, respectively), and the plates are isolated and 
balanced equally by being connected to the positioning 
controls through equal resistors Rl, R4, RS, and R8. A-C 
balance is provided by capacitors C1, C2, C3, and C4, 
Since the isolatina resistors Rl, P4, R& cre cl 
ways a very large value, the deflecting plates may be con- 
nected into ony circuit without denser te the operator. 


FAILURE ANALYSIS. 

Cathode-Ray Tube. Usually, a control circuit failure 
in the CRT is indicated by loss of 0 spec 
function, and con be quickly verified by a resistance or 
voltage check. It must be understood that all controls 
affect the electron beam in the same manner, and thet the 
controls are interacting. For example, increosina the in- 
tensity of the bear will also 
quire readjustment of the fo. 
{ine at that intensity. Lixewis 
erating anode potential will 
meter and the maximum i 
humidity ana excess 
ffom insulation breakdown are usu Pie 
cause of the mgr potent:cl invelvec 
circuit to around. 
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It it is found that all of the voltages on the CRT 
electrodes are proper the CRT must be the defective 
component. If, however, the voltages on the CRT 
electrodes are not proper, and the associated control cir- 
cuitry is checked and found to be proper and the power 
supply is functioning properly, the fault must exist in 
some stage preceding the electrode with the improper volt- 
age on it. It is also possible to determine the area of the 
fault by the CRT indications. 

In the A-Scope, if the improper voltage or waveform 
exists on the horizontal deflection plates and the CRT 
indication shows that there is an improper or no horizontal 
sweep, check the input of the triggered sweep generator 
with an oscilloscope. If it is correct the fault lies in this 
circuit. If the voltage is incorrect, check the input of the 
trigger amplifier with an oscilloscope. If the tigger ampli- 
fier input is correct the faulty component is in this stage. 
if the input is incorrect and an extemal trigger is used the 
fault is in this external source. If, however, the input of the 
trigger omplifier is incorrect and the trigger is obtained 
from the interna! triqger generator, check the input to the 
intemal trigger generator with an oscilloscope. If the volt 
age or waveform applied to the intemal triqaer gen: 
improper the fault should be in the timer. If the C! 
play indicates that only the range markers are missing the 
trouble must be in the marker generator. 

It the improper voltage or waveform is present on the 
vertical deflection plates the trouble must be in the verti- 
cal amplifier or circuitry prior to the A-Scove indicator. 
Check the input of the vertical amplifier with an oscil- 
loscope. If it-is correct the fault is within this circuit. 

in the J-Scope, if circular trace is improper and im- 
proper voltages or waveforms exist on the vertical and 
horizontal deflection plates, check the input of the phase 
shifting network with an oscilloscope. If the input is 
proper the fault is in this circuit. ff, however, the input 
is improper the fault is the the crystal oscillator. Hf the 
intensity of the display is improper and the voltage existing 
on the controigrid is improper, check the input of the sweep 
Circuits. If the input is proper the fault is in the these cir- 
cuits. If the input is improper the fault must be in the tria- 
ger circuits. If the improper signai exists onthe center 
electrode of the CRT and if the video signal on the display 
is incorrect, check the input of the video amplifier with an 
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In the B- or C-Scope, if the voltanes or weveforms 
on the horizontal plates ore improper, or if the horizontal 
trace is improper check the input to the horizontal position- 
ing circuits with an oscilloscope. If the input is correct 
the failure is inthe horizontal positioning circuits. Tf the 
input is improper, the failure is in the antenna azimuth 
sweep voltage. If the voltoges or waveforms on the verti- 
cal plates of the B-Scope are improper, oF if the vertical 
trace is improper check the input of the vertical sweep 
generator with an oscilloscope. If the input is proper the 
failure is in the vertical sweep generator. If the input is 
incorrect the failure is in the trigger source. If the voltages 
ot waveforms on the vertical plates of the C-Scope are im- 
proper, ot if the vertical trace is improper, the antenna 
voltage must be incorrect. If the taraet echo signals are 
not present on the control arid of the CRT, check the input 
to the video amplifier stage or stages with an oscilloscope. 
If the input is proper the fault is within these stages. If 
the input is improper the failure is in the radar receiver. 


ELECTROMAGNETIC CATHODE-RAY TUBE. 


‘A-cathode-ray tube is an electron tube in which the 
electrons trajecting from the cathode toward an anode 
are focused into a concentrated beam which eventually 
strikes the luminescent screen. This beam is varied in 
position and intensity which produces a visible pattern on 
the screen. An electromagnetic cathode ray tube utilizes 
magnetic fields to provide a means of focusing and de 
flecting the electron beam. 

Electromagnetic cathode-ray tube circuits are pre- 
ferred where the cathode ray tube (commonly) referred to 
as CRT) is to have a large screen dismeter. The electro- 
magnetic CRT has several advantages over the electro- 
static tube. Some of these advantages are that: a well 
focused electron beam of higher current density can be 
produced; greater accelerating voltages con be used to 
obtain brighter screen patterns without as areat a reduction 
in the deflection sensitivity of the tube; the structure of the 
electron qun is simpler and more rugaed; and the over-all 
length of the envelope is shorter. 

A pictorial representation of the electromacnetic CRT 
is shown in the accompanying illustration. 

The electromagnetic CRT uses a triode type gun, It 
consists of an indirectly heated cylindrical cathode closed 
off at one end by a small plate, which is coated with 
barium and strontium oxides. The oxides emit a large 
number of electrons. A twisted heater element is contained 
within the cylindrical cathode to bring the cathode to the 
operating temperature. The control grid is olso a cylinder, 
which surrounds the cathode cylinder. It contains a baffle 
with a tiny aperature of smaller diameter than the emitting 
surface of the cathode, which is located very close to the 
aperature. Beyond the control qrid is a hollow cylinder 
which contains several baffles and which has its circum- 
ference around the seme oxis as the control grid. This 
cylinder is the accelerating anode which is connected to a 
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conductive coating within the tube. This coating acts as 
on extension of the accelerating anode and as an electro- 
static shield. There is no second anode for focusing as 
there is in the electrostatic CRT. Instead, anexternal 
focusing coil encircles the neck of the tube and magneti- 
cally focuses the electron beam. The complete focusing 
system is composed of two lenses, one is produced by the 
electrostatic field between the control arid and the followina 
electrode. This electrostatic field causes the electron 
beam to converge at a point some distance before the maa- 
netic field of the focusing coil which acts as the second 
lens. After the electrons travel beyond the convergent 
point they again begin spreading until] they enter the mac 
netic field of the focusina coil, where the reaction causes 
the electrons to later converge at the phosphorescent 
scteen, if the position of and the current through the coil 
are correct. The position of this extemal focusing coil is 
not only capable of being varied along the neck of the 
tube, but the physical construction of the coil also permits 
one side of it to come in closer proximity to the tube than 
the other. This characteristic of the focusing coil provides 
ameans of centering the electronbeam as well as focusina 
it. 

The method of accomplishing horizontal ond vertical 
deflection also relies on on extemal electromametic 
force. This electromagnetic force is provided by a set of 
coils, which encircles the neck of the CRT and is located 
after the focus coil. Usually four deflection coils are used. 
Two of these are wired in series and are mounted in such 
a way as to produce a magnetic field whose lines of force 
mun vertically through the neck of the tube. This vertical 
magnetic field causes horizontal deflection of the electron 
stream. The other pair of coils is wired in series and 
mounted in such a way as to produce a magnetic field whose 
lines of force run horizontally through the neck of the tube. 
This horizontal magnetic field causes a vertical deflection 
of the electron stream. A current is used to activate the 
coils and produce the magnetic fields at right cnales to the 
electron movement. The amount of deflection that may be 
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obtained is dependant upon: accelerating anode voltaae, 
distance between the screen and the deflection coils, length 
of the magnetic Held, ond the strenath of the mametic 
field. These deflection coils cre contained in a mourting 
and called the deflection yoxe. The position of the deflec- 
tion yoke, like the resition of the feous coil, can be 
along the neck of the y the amuunt of deflection. 
The deflection yoke can also be retated chout the neck of 
the tube. This property permits the visual pattern or 

raster to be centered squarely on the screen. 

Another element used on an electromagnetic CRT is 
called the ion trap. It removes u problem thet is specifically 
peculiar to the electromaanetic CRT. Neaative ions 
an the CRT o3 G iesuli vi the bombardment of the residual 
gas of tube electrodes by the emitted electrons. This con- 
dition is of no conseaence in an electrostatic CRT since 
electrostatic focusing networks can focus the 
with the electrons. In the elec iqnetic CRT, nowever, 
the greater mass of the ior. prevents proper focusing and 
deflection of these ions. The result is o constant bombard- 
ment of the screen at one particular spot, causing the 
gradual deterioration of the phosphorescent material at this 
point and a dark spot on the screen. There are several 
types of ion traps that may be used, One type consists of 
a modified electron qun arrangement ond o permanent bar 
magnetic urit which is slipped around the neck of the tube 
close to the electron qun. Although it is not shown in the 
illustration, the qun is mede to produce a bent electrostatic 
field that carries both ions and electrons teward the ar- 
celercting onode, The ion-trap siagnet y the 
electrons in this combined beam in such a way that they 
change their direction of motion and return toward the main 
axis of the tube. In this manner only the electrons strike 
the screen, while the ions strike the cnode and are re 
moved. 

The types of scan and circuits used with the eloctro- 
magnetic CH! are described in following paragraphs in 
this section. 


PLAN POSITION INDICATOR. 


APPLICATION. 
The plan position indicator (or PPI) type of 


radar 


360° polar mas 
easily be correlate 
the target but ats: 


apparent. 


CHARACTERISTICS, 
Uses electromagnetic CRT. 
May use rotatine of stutionary deflection yoke. 
PPI CRT uses hidh nersistence nk-enhor. 
PPI utilizes intensity modulation 
Antenna and sweep 
Center of sweep represents radar iocation. 
Sweep starts at the center and moves radially outwar 
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Angle of target from heading represents becrinc of 
target. 
Distance of target from center of sweep represents 
range of target. 


CIRCUIT ANALYSIS. 

General. The plon position indicator is 4 type of 
radar display which utilizes an electromagnetic CRT. 
A high persistence phosphorescent material is used on 
the face of the CRT, which permits the slow produced 
by the electron bombardment to remain for a relatively 
long period of time. Signals reflected from taraets are 
taken from the rador receiver and applied to the control 
grid of the CRT, via limiting and omplifying circuits, 
during the sweep time of the beam. Intensity modulation 
of the electron. besm occurs in cecordance with the ompli- 
tude of the received echoes, which produce corresponcins 
bright portions on the screen. 

The distance that the brightened portion of the trace 
is from the origin of the sweep, is the ranae of the taraet. 
The angle that ismade by the brightened portion of the 
trace with respect to the zero deaqree radius of the swecp 
constitutes the bearing (or azimuth) of the tarqet. This type 
of display also permits an operator ta locate o target with 
respect to the position of physical features of an area, 
which are shown on the display in the form of a polar map, 

The rotating sweep which characterizes the polar map 
display is produced by c magnetic deflection field rotating 
in synchronization with the radu cntenna, Tais may be 
accomplished by a mechanical azimuth sweep (rotating de- 
flection yoke) or electrical azimuth sweep (stationary 
deflection yoke}. 

A pictorial representation of a typical PP! display is 
shown in the following illustration. 
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Circuit Operation. The Circuits used in the discussion 
uf circuit operation are typical circuits used in PPI dis- 
play :, but do not represent every circuit that could be 
used in PPI displays. A block diagram of a simple PPI 
display is shown in the accompanying illustration with 
corresponding waveforms. An anlysis will be made of the 
operation of each representative circuit corresponding to 
the block diagram. 

The timer triqget is a negative pulse obtained from 
the timing circuits, and used to actuate the start-stop 
multivibrator. The multivibrator produces neqative ate 
signals which ore applied to the sweep aenerator and the 
marker generator, and a positive qate signal which is ap 
plied as an unblanking gate to the control grid of the CRT. 
Atypical start-stop muftivibrator is shown in the accompo- 
nying illustration. Resistors Rl and R2 are grid bias re- 
sistors for triodes V1 and V2, respectively. Resistors R3 
and R4 are the plate resistors for Vl and V2, respectively. 
Capacitor C1 couples the arid of V1 to the plate of V2 
Capacitor C2 couples the atid of V2 to the plate of V1. 

Normally, triode V1 is conducting due to the positive 
bias applied on the qrid of Vi, At the same time, triode 
V2 is normally cut off due to the fixed negative bias ap- 
plied to the grid of V2. A negative pulse applied to the 
grid of V1 reduces the conduction of VJ, cousing the plate 
voltage to increase. The positive plate voltage swing of 
Vi drives the grid of V2 into conduction, thereby decreasing 
the plate voltage of Y2, This decrease (Neactive swina) 
in the plate voltage of V2 is fed back to the arid of V1 and 
drives V1 into cutoff. The circuit now rests in the opposite 
condition with V2 conducting heavily and V1 cut off. 
During this period the flat portion of the output pulse is 
generated. Since capacitor Cl is connected to the positive 
supply through Rl, it eventually develops a positive charge 
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which is sufficient to bring the grid of V1 above cutoff, 
Once aqain V1 conducts and the negative plate swing is | 
coupled to the arid of V2 through C2, driving V2 towards 
cutoff and producing the trailing edae of the square wave 
Qs its plate voltage rises. Eventually, V1 isbrought to 

the state of meximum conduction and V2 is brought to 
cutoff, where the circuit stablizes due to the positive 
biasing voltage on the arid of V1 and the high neaative 
bigs voltage on the arid of V2. Another neqative pulse 
must be applied to the qrid of V1 in order to change the 
conduction states of Vi cnd V2, 

From the description of the circuit operation of the 
start-stop multivibrator it can be seen that with the appli- 
cation of one negative timer pulse to the input, one neaa- 
tive rectangular pulse is obtoined at the plate of V2. This 
negative rectangular pulse is used to operate the sweep 
generator and the marker generator. At the same time, a 
Positive rectangular pulse is taken from theplate of V1 
and is applied to the control qrid of the cathode ray tube 
for unblanking use. 

The typical sweep cenerator, which receives the neae 
tive rectanqular pulse from the start-stop multivibrator, 
produces o trapezoidal sweep. The following schematic 
is that of a typical sweep generator circuit. The neaative | 
tectanqular pulse is applied to the arid of triode V1, which: 
acts as a high speed switch. Resistor Riis the plate 
tesistor of V1. Ri is also part of an r-c network, which =! 
determines the amplitude of the leadina edge and the slope ! 
of the trapezoidal waveform, when Vlis cutoff. Resistor 
R2 is also part of the r-c network when Vlis cutoff. Its 
value also affects the amplitude of the leading edge of the 
trapezodial waveform. Capacitor Cl is the capacitive part 
of the rc network. Its value affects the slope of the 
tropezoidal waveform. 
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When no rectanguler pulse is applied to the input, 
triode V1lis conducting and effectively shunting R2 and 
Cl, As the negative rectanqular input pulse is applied to 
the grid of V1, conduction of V1 ceases and the niate 
voltage rises towsrds the supply value genercting the lecd- 
ing edge of the trapezoidal sweep waveform. The cuttina 
off of Viacts like opening a switch, and causes capacitor 
Cl and resistar RZ ta he hronaht irtn circuit actinn. An 
equivalent circuit with corresponding waveforms is shown 


in the accompanying illustration for ease of understanding. 


rstdndina, 
Capacitor 


charges up to towards the value of the plate 
supply voltage through resisters Rl and R2 at a rate de 
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pendent on the producr of C1] times the sum of Rl and R2. 
The output is taken across capacitor Cl and resistor R2. 
Thus, as capacitor Cl charges, the voltage drop across Rl 
appears at the output. The output voltage increases toward 
the plate voltage supply at the charaing rate of capacitor 
Cl until the end of the negative rectangular ‘Ang pulse 


occurs. At this time. the vositive trailin: se drives Vi 
occits. sAEthiC ting, the positive -tretling Gdqeidiives Na: 


into conduction, removing capacitor Cl and resistor RZ 
from the circuit action by effectively closing the tricde 
switch shown in the illustration of the equivalent circuit 
of the sweep generator. The circuit remains in this state 
until the next neaative rectanqular pulse is applied to the 
input. The resultant output waveform is 2 trapezoidal 
pulse for every neactive rectanaular pulse applied to the 
input. 


Equivalent Trapezoidal Sweep Generator Circuit 


The trapezoidal pulse is applied to a sweep ampli- 
fier where it is amplified before beinz applied to the sweep 
coi! circuit. A typical Ewen amplifier | is shown in the 
accompanying illustration. Capacitor Ci is a coupling 
capacitor and the grid of V1is returned to ground through 
grid resistor Rl. Cathode bias is provided by resistor R2 
and R2 is bypassed by capacitor C2 to prevent any de 
generative effect. Vacuum tube V1 is a beam power tube, 
used because of its high power sensitivity. Power ampli- 
fication is recuired to provide sufficient current to the dew 
flection coils. The coils may rule Hee oe to 100 milli- 
amperes of current for maximum tance L1 
and resistance R3 co: si end act as 
the plate locd for th The output wave- 
form, ot theplate of Vi trapezoidal. As this waveform 
is applied to the deflection coil, it becomes resolved to a 
sawtooth waveform across the resistance of the coil, md 
square waveformacrnss the inductanes, The smunre aye 
across the inductance preduces 3 sawtooth 
due to curent lagging voltage in a: inductance. (For de 
tailed information or. amplifier cirenite refer to caction 6, 
f this Handbook). 
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Tre PPI sweep starts ot the center of the CRT, and 
moves radially outward to the periphery of the CRT. The 
sweep trace position is made to indicate target bearing (or 
azimuth) by rotating it in synchronization with antenna ro- 
tation. This can be accomplished by any of several methods 
in two general categories. The first category uses a 
mechanical azimuth sweep, which provides o means of 
physically rotating the deflection yoke in synchronization 
with the antenna. This may be accomplished by using 
synchronous motors connected to the same power supply 
which drives the antenna and the deflection yoke; or it 
may be accomplished by using electromechanicel repeaters 
to provide proper synchronization, The accompanying fiq- 
ure illustrates how deflection is produced at the cathode 
Tay tube. 

The second method is to use an electrical azimuth 
sweep which uses 4 stationary deflection yoke. The 
amplitudes of the sawtooth sweep currents ore varied 
sinusoidally, from zero to maximum, cortesponding to the 
rotation of the antenna. Furthermore, there is a 90° phase 
difference between the amplitude variations of the hori- 
zontal and vertical sawtooth waveforms. The sinusoidal 
variation is such that at maximum amplitude of the vertical 
sawtooth siqnal, the sweep will extend from the center of 
the CRT to the top of the CRT, or the maximum vertical 
position, whict usually represents north. The anplitude 

* of the horizontal deflection sawtooth waveform is zero, at 
this time. Thus, the sweep does not extend in the hori- 
zontal direction at all. If the sweep were to represent 
East, or 90° east of the direction of travel, the horizontal 
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deflection sawtooth amplitude would be maximum and the 
vertical deflection sawtooth amplituce would be minimum, 
or zero. Once the sweep travels beyond East, or 90° east 
of the direction of travel, the amplitude of the vertical saw- 
tooth becomes negative; and, once the sweep travels be- 
yond South, or 180° from the direction of travel, the hori- 
zontal sawtocth amplitude becomes neqative also. The 
accompanying figure shows the deflection coil currents for 
electrical azimuth sweep. 
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In order to obtain two sinusoidally varying sawtooth 
waveforms, having a 90° phase difference, a rotary trans- 
former is used. This transformer resembles o small electric 
motor and has two secondary windings, which are mounted 
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at right onqles to each other in the stator housing. The 
primary is mounted on the rotor,.which is driven by the ro- 
tating antenna. A trapezoidal-wave generator is connected 
to the primary winding by meons of slip rings. As the rotor 
is turned, the voltage obtained from either secondary veries. 
Maximum voltage is obtained from one secondary when 

zero voltage is obtained from the other. The transformer 

is so constructed that the amplitude of the output voltage 
vaties sinusoidally with the rotor angle. The amplitudes 

of the trapezoidal output voltages, then, vary sinusoidally, 
and are 90° apart in phase. The trapezoidal output voltages 
are applied to separate power omplifiers. The required saw- 
tooth sweep currents are obtained at the output of the 

power omplifiers. Sweep clampers are usually used to 

keep the reference level constant, and cause ev: 
to start ct the same point on the CRT. 

Tt was mentioned previously that the start-stop multi- 
vibrator hos an output applied to the control grid of the 
CRT and to the marker generator, as wel! cs to the sweep 
generator. A positive gate produced by the multivibrator 
is applied ta the CRT control grid. This positive pulse 
incteases the electron flow between the cathode ond the 
face of the CRT, and permits the intensity of the trace to 
{nctease during the period that the timing pulse is applied, 
This is in reality an unblanking gate which permits the 
CRT to be operated at the desired time. 

The negative rectangular pulse applied to the marker 
generator from the start-stop multivibrator is used to tria- 
ger the production of range marks on the screen of the CRT. 
These range marks provide a means of determining repte- 
sentative distances of targets fromthe origin. A typical 
Tange marker generator is shown in the accompanying 
illustration, It is comprised of four triodes, the first of 
which (V1) acts as a switch for triodes V2 and V3, which 
can only conduct when Vitis cutoff, Triodes V2 and V3 
form a complete path for the series resonant circuit L1 C3, 
or L2 C4, which determines the frequency of the range mark 
pulses, Tronsformer Ti differentiates the output waveform 
of V3 before being applied to V4, which serves as a cathode 
follower output stage. Capacitor Cl is an input coupling 
capacitor, and resistor Rd establishes contact bias for V1. 
Resistor R2is a plate voltage dropping resistor te provide 
V1 with a lower potential than the plate voltaae value of 
V2, Resistor R4 is a common plate load resistor for 
triodes V1 and V2. Resistor R3 places the cathode of V1 
at a less fone potential than the cathode et V2, Re 
sistor 
Resistor 
ar 


ty SWEEL 


Resistor R7 places the cathode of V2 at some 
ctentiah thus we camode of V3. Resi 
e cathode 
and 48 which piaces 


stor 


The divider consis 
different fi 
spectively. The pnmary of Tl serves as ¢ piste load i fo 
triode V3. Capacitor C5 couples the differentiated way 
to the grid ot the cathode follower, V4. Resistors Ril aid 
RQ place the grid of V4 ct some highly neaative satential. 


bias on the cath 
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Resistor R10 provides a c-c seturr, to ground for triode V4 
and together with R11 forms a bias voltage divider between 
the negative supply and ground. Resistor Rl2 is the cathode 
resistor of ¥4 and serves tc match the output of th 
follower. 

Prior to the application of the sweep starting pulse 
from the stort-stop multivibrator, the triode Vlis conduc~ 
ting, which keeps the plate voltage at a low value. This 
low voltage prevents the plate voltase of V2 from being 
hicher than the grid voltage of V2, This low plate voltage 
of V1 also causes the potential at the arid of V3 to be 
less positive than the cathode and of sufficient neastive 
value to cutoff the tube. With V2 cuto na output sicnel is 
developed. 

When the negative sweep start pulse is applied to 
capacitor Cl, triode V lis cutoff, which causes the plate 
voltaye of Vite increase, and oltage on the plate of 
V2 to Increase, and at some 
age ot V3 to increase. fh tae increased grid voltac 
V3 conducts completing the circuit containing triode V3, 
the series resonant circuit of L} C3 or L2 C4, triode V2, 
ond the primery of Tl, A pulse type waveform is produced 
by this circuit with a frequency dependent on the value of 
the resonant circuit. Sine eavetont is applied to transformer 
T-1, where it is differentiated by the inductance in conjunc- 
tion with the resistance of the primary) before being coup- 
led to the secondary of Tl, From the secondary of Tl, 
the differentiated pulses cre applied to the arid of cathode 
follower (V4) through capacitor C5, which blocks out any 
dc 00} nt. The ostput is obtained trom cathode re- 
sistor Riz This output is rot only decreased in ompli- 
tude and in phase with the coplied pulses, but it is clso 
limited to positive pulses by the high negative bigs on 
the grid of V1. These ‘positive pulses cre then applied to 
the control grid of the CRT to increase the intensity of the 
trace at the point where the ranqe morker rinas cre lo occur, 

The video sima! is cpplied to u biased video limiter, 
where the sicnal is made to very chove a specific level, 
so that the signal will not become so negative as to 
cause blooming on the screen. A schematic of the video 
limiter is shown in the accompanying illistrat! 
fimiter consists of only three com 
used to 2iop the upplied veltage when diode V1, the 
second component, is conductina, and volte 
the third component, used to est: 


output 
source Ecc, ts es an oper 
i = na nenative, the 


i Gtive siq- 
onconducting state. 
When the signal necomes as nenative as Ecc, V1 beains 
conducting, and the output is now Ecc. Even when the 
inpui becomes more neaative, the output stil! remains at 
the value of the source voltage E; The output voltage 
will vary as the input the i 
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+300 V 


INPUT RI 


cS SMILES 


C4 1 MILE 


Range Morker Generator 


resistor, and resistor R2 is the cathode bias resistor, 
which, along with Rl, establishes the total grid bias, R2 
is made variable to requlate the qain of the amplifier. 
Capacitor C2 is the cathode bypass capacitor, which by- 
passes the o-c signal to around and prevents degeneration. 


ee ‘Tae is the scteen grid bypass capacitor. The load consists of 


Ré4 is the screen grid dropping resistor, and capacitor Cl 
resistor R5, and resistor R6; however, at high frequencies 


4 
RI 
the signal bypasses R6 through capacitor C4, Capacitor 
CS is the coupling capacitor to the following stage. 
vt 
INPUT ouTPUT 
Ecc 2) 
+ (——o 
sf 
N, 


Video Limiter 


becomes more positive thon Ecc. 

The output voltage of the video limiter is applied to 
a video amplifier, ot several video amplifiers, where the 
voltage is increased in agin before being applied to the 
cathode of the CRT. A typical video omplifier is shown in 
the accompenying illustration. Resistor Rl is the arid leak Video Amplifier 
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Up to this point, the components which were discussed 
could form a common amplifier. The remaining components 
add to the previously discussed components to form the 
video amplifier. Inductance L1 is a series peaking coil, 
which functions as a series filter for passing required 
frequencies. It also isolates circuits preceding it from 
circuits following it. Resistor R3 aids LI by extending 
of Ld ond broadening the Q characieristics. 
Inductance L2 is a shunt peaking coil, which forms ¢ 
parallel resonant circuit with the distributed capacitance 
(C3) and provides a high impedance for the signal. Capaci- 
tance C6 is the interelectrode and distributed capacities 
of the following stage. Vacuum tube V1 is a pentode. 

The negative signal coming from the video limiter is 
opplied directly to the grid of the iube Vi, decreasing the 
conduction of V1 and varying it in accordance with the 
signal variation, and at the same time establishing a bias 
level through resistors Rl and R2 The variation in con- 
duction rate of V1 produces an oppositely varying plate 
output voltage, which is developed across resistors R5 and 
R6. The hiqher frequencies of the signal, which would 
normdlly be lost or distorted by distributed capacitance 
(C3) and the interelectrode copacity, are passed undis- 
torted by means of the seties pecking (L1) and shunt 
peaking coils (L2) inserted in the amplifier. These coils 
form resonant circuits with the effective capacities, per- 
mitting the higher frequency siqnals to be passed easily 
to the output and preventing these frequencies from being 
shunted to ground. (For a more detailed discussion of 
video amplifiers refer to section 6 of this handbook.) One 
or sever! video amplifiers may be used to provide the 
desired amplitude of output sianal, 


FAILURE ANALYSIS. 

Start-Stop Multivibrator. 

No Output. Since the start-stop multivibrator is re- 
sponsible for producing synchronized sweep, range morkers, 
ond intensified trace during the time that information is to 
be presented, a defect in this circuit will affect each of 
these areas. If no output occurs it will be difficult to 
localize the trouble, since no spot will appear onthe CRT. 
This effect can also be caused by the sweep qenerator or 
sweep amplifier havind no output. 

The no-output condition, in the start-stop multivibrator, 
may be due to lack of signal or lack of plate supply voltage. 
Check the siqnal with on oscilloscope at the input of the 
multivibrator. Check the plate supply voltage e volt- 
meter, If the no-output condition exists and there is olate 
supply voltage, the condition may be due to a combination 
of faulty components. If resistors R3 and R4 were both 
open, or if triodes V] and V2 were both defective, the no- 
output condition would occur. Measure the resistors on a 
ohmmeter. If the condition still exists, triodes V1 and V2 
are probably defective. 

Low or Distorted Output. If o low or distorted output 


dy “stop multivibrator, it becomes more 
apparent that the trouble ts in this stage, rather than the 
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the three applications of the multivibrater will show the 
effect of the trouble. 

The low or distorted output may be due to any of the 
following component failures: Shorted or open plate load 
tesistor R3, shorted or open plate load resistor R4, shorted 
or open bias resistor 1}, shorted or open bias resistor R2, 
shorted or open capacitors Ci or C2, improper plate supply 
voltage, detective triode V1, defective triode V2, or im- 
proper input signal. 

To determine which of these component failures is 
responsible for the condition, make the following checks: 
measure the input signal with an oscilloscope; measure 
the plate supply voltage with a voltmeter, ond 
adjust the supply for the proper voltage; measure the re- 
sistors with on ohmmeter to be certain that they ate af 
the proper ohmic value and within tolerance; and measure 
the capacitors with on in-circuit capacitor checker. If 
these components have been checked and the condition 
sull exists, triodes V1 and V2 are probably at fault. 

Trapezoidal Sweep Generator. 

No Output. If no output is obtained at the output 
terminals of the sweep generator, no sweep is produced 
and the cathode ray tube will indicate only a single spot 
at the origin of the sweep. 

A no-output condition may be due to any of the following 
circuit failures: no plate supply voltage, open resistor Rl, 
open capacitor Ci, or open resistor R2 To determine which 
of these is responsible for the no-output condition, first 
check the input siqnal with an oscilloscope. Check the 
plate supply voltage with a voltmeter, and adjust the supply 
voltage to the proper voltage vaiue. Check resistors Ri 
ond R2 with an ohmmeter, and check capacitor C1 with on 
in-circuit capacitor checker. 

Low or Distorted Output. If c low or distorted output 
is obtained at the output terminals of the sweep generator, 
and the proper input signal is applied, the fault may be due 
to any of the same component failures that occur in the 
nO-output condition, plus the possibility of a defective 
triode, V1. The same checks apply in the low or distorted 
output condition as in the no-output condition. If these 
checks do not locate the trouble, triode V1 is probably 
defective. 

Sweep Amplifier. 

No Output. If no output is obtained at the output 
terminals of the sweep amplifier, no deflection will be 
produced and the trace will be in the form of a single dot 
at the origin of the sweep. 

A no-output condition may be due to any of the fol- 
lowing circuit failures: open capacitor C1, no plate supply 
voltage, no input slants ot a defective triode, V1. 

To determine v ilures is responsible 
jor the no-output condition, use the frllewing ¢ 
measure the input signal with on oscilloscope; measure 
the plate supply voltage with o voltmeter, and adjust the 
source if it is the cause of the condition; measure capacitor 
Cl with an in-circuit capacitor checker. If these checks do 


nat locate the trouble, triade V1 is probably defective. 


22-25 


ELECTRONIC CIRCUITS NAYVSHIPS 

Low or Distorted Output. A low or distorted output 
may be due to any of the following circuit failures: 
shorted capacitor C1, shorted or open resistor Rl, shorted 
or open resistor R2, a shorted or open capacitor C2, low 
plate supply voltage, or a defective triode, VL. 

To determine which of the circuit elements is respon- 
sible for this condition, make the following checks: 
measure copacitors Cl and C2 with an in-circuit capaci- 
tor checker; measure the values of resistors Rl and R2 on 
on ohmmeter; measure the plate supply voltage source with a 
voltmeter, and adjust the source to the proper plate supply 
voltage. If these checks do not lead to the defective part, 
triode V1 is probably defective. 

Range Marker Generator. 

No Output. A no-output condition in the range marker 
generator will result in no range markers being produced 
on theface of the CRT. This condition may be due to any 
of the following circuit failures; no plate supply voltage, 
defective triode V2, defective triode V3, open or shorted 
tronsformer Td, open inductors Ll or L2, open capacitors 
C2 or C4, open capacitar C5, open or shorted resistor 
Rl2, or defective triode V4 

To determine which of these components is at fault, 
make the following checks: measure for possible defec- 
tive resistors with an ohmmeter; check the applicable 
capacitors with an in-circuit capacitor checker; check the 
ohmic values of inductors L1, L2, and the primary and 
secondary windings of tronsformer T1. Check the plate 
supply voltage with a voltmeter, and adjust the plate supply 
voltage if it is not the proper voltage. If the no-output 
condition still exists after all other checks have been 
made, triodes V2, V3, and V4, and probably defective. 

Low or Distorted Ourput, Low or distorted output may 
result in improperly situated range marks on the screen 
of the CRT, This condition may be due to any of the 
following circuit failures, providing the proper input 
signal is applied: improper plate supply voltage, shorted 
capacitor Cl, shorted capacitor C2, shorted capacitors 
C3 or C4, shorted capacitor C5, shorted inductors Ll or 
L.2, shorted or open transformer Tl, shorted or open re- 
sistors Rl, R2, R3, R4 RS, R6, R7, R8, RY, R10, or R11; 
or defective triodes V1, V2, V3, or V4. 

To determine which of the components is responsible 
for the condition, make the following checks: check the 
applicable capacitors with an in-circuit capacitor checker; 
check applicable resistors with on chmmeter; check in- 
ductors and transformer windings with an ohmmeter; Check 
the plate supply voltage with a voltmeter, and adjust the 
supply if the voltage is not the correct value. If the low or 
distorted output still exists after checking and correcting 
ony of the possible foregoing failures, the tubes are 
probably at fault. 

Video Limiter, 

Since the video limiter is composed of three compo- 
nents the failure malysis may be simplified. 

No Output. In order to have a no-output condition, an 
open resistor Ri, an open bias supply voltage Ecc, or a 
defective diode V1 would have to exist. This no-output 
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condition would result in no indication of the target as 
well as no indication of the area being scanned. 

To determine which of the three components is respon- 
sible for the no-output condition, measure the bias supply 
voltage with a voltmeter and adjust it if itis not the 
correct value; measure resistor Ri and check VI, 

Low or Distorted Output. A low or distorted output 
would result if any one of the same three components is 
defective. Use the same checks to determine which of the 
components is responsible for the low or distorted output 
condition. 

Video Amplifier. 

No Output. A no-output condition in the video ampli- 
fier would result in no visual representation of the target 
of scanned area. This condition may be due to absence of 
signal, absence of plate supply voltage, open resistor R6, 
open resistor R5, open inductor L2, shorted capacitor C4, 
open capacitor C5, or a defective pentode V1, 

To determine which of these components is defective 
make the following checks: measure the input signal with 
cn oscilloscope; check the plate supply voltage source 
with a voltmeter and adjust the source to the proper value, 
if it is not the proper voltage, check resistors RS md R6 
with an chmmeter; check inductor L2 with an ohmmeter, an 
check capacitors C5 and C4 with an in-circuit capacitor 
checker. If the no-output condition still exists after these 
checks and corrections have been made, pentode V1 is 
probably at fault. 

Low or Distorted Output. A low or distorted output 
may be caused by any one of the actual circuit components 
being defective, ot an improper input signal. 

To determine which component is at fault, use the 
following procedures: check the input signal with an 
oscilloscope, check the plate voltage supply with a volt- 
meter and adjust the supply voltage to the correct value, 
if it is not at the correct value, Check all resistors with 
an ohmmeter and check the ohmic values of inductors Ll 
and L2 with an ohmmeter. Check capacitors with an in- 
circuit capacitor checker. If all of these checks do not 
locate the defective component, pentode V1 is probably at 
fault. 


OTHER TYPES OF ELECTROMAGNETIC SCANS. 


APPLICATION, 

Of the remaining types of electromagnetic scans three 
general types are probably encountered more often than 
any others. These scams are the spiral, the RHI, and 
TV scans. The spiral scan is usuclly used for range 
measurements where it provides a much longer time base 
than is available for circular or linear scans. The RHI 
scan is used where it is desired to determine the range an 
target height as a specicl radar presentation, and the 
television (TV) scan is used to reproduce scenes or 
images. 
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CHARACTERISTICS, 

A long persistence type of CRT is used with the RHI 
and spiral scans, while a medium persistence CRT is 
used with the TV scan to prevent blurring of the moving 
images. 

In the RHI scan the horizontal base line always indi- 
cates range, while the height is indicated vertically. 

The spiral scan may start at the center of the CRT 
and rotate spirally outward, or start at the periphery of 
the tube and rotate spirally inward to the center, depending 
upon design, 

The TV scan uses a two field, odd-line interlaced 
scan operating ot 30 frames vertically per second, and 
525 lines horizontally, (a sweep frequency of 18750 Hz). 

Scanning beains at top left of the CRT and travels to 
the right and cow. 

Each frame consists of 525 individual horizenta! 
scanning lines wnich move from top to bottom, 


CIRCUIT ANALYSIS. 

Genera!. The spiral scan, the RHI scan, and the TV 
scan ore all produced by means of an electromagnetic de- 
flection system; however, ecch may be produced by an 
electrostatic deflection system for special applications. 
The spiral and the RHI scans are similar in circuitry and 
in operation to py ebvesansi, The! Ey: 
scan is unique i comperison to these scans, since, this 
type of scan produces a detailed reproduction of a specific 
scene or image. 

An BHI scan is similar to an off-center PPI scan, 
but hay un clevation er height indication in place of what 
would normally bethe azimuth or bearing indication, as 
shown in the accompanying illustration, 


TARGET 
INDICATION ——<4 


The actua’ repr i 
originates at .he lo reen und extends 
horizontally ts the right, and vertically at the same time, 
resulting in az anqular type display, The horizontal dis- 
tance represents the rance and the + 
sents the height. 


The origin of the trace repre 
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radar location. There are equidistant vertical lines along 
the angle of the display, which cre range markers. A 
movoble horizontal line appearing across the pattern is 
used to determine the height of the target. Tarsets appear 
as intensified portions of the trance or 

The spiral scan is used when linear and circular 
traces do not have a sufficiently lona time bases to record 
certain data with the required accuracy, The spiral scan 
is evolved from the circular scon, as used in PPI and is 
shown in the accompanying illustration. 


TARGET INDICATION 


“RETRACE LINE 


Spiral Scon 


The range of the scan can he varied by changing the 
number of turns in the spiral. The sweep rotates at a 
constant rate of speed, so that equal divisions along the 
spiral indicate equal range increments. The spiral scan 
moy start at the center of the trace, as it dees in PPI, 
but it rotates spirally from the center of the CRT and only 
teaches the periphery of the tube by the end of the sweep. 
It is possible, too, that the spiral scan may stert at the 
periphery of the tube and rotate spirally toward the center 
of the CRT, only ceuching the center of the CRT by the end 
of the trace. The origin of the sweep represents the 
position of the radar location. Targets arerepresented by 
intensified portions of the trace, 

The TV, or uniform linear scan, is based on a beam 
that moves much as the human eye does in scanning a 
written page, It moves from the top left to the right and 
rapidly returns to the left, only shigptly: Bae een from 
the top than the previons line, 


however, only constitu half of a 
complete the second hai? frame tn 
tumed to the top center of the CRT. 


top center ond has le 
less time for the line to descend 
In this way, the second half frame fills in s lines 
between the lines that were scanned curina tke first half 
frame. 
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VERTICAL TV RETRACE 


FIRST FIELD 


SECOND FIELD 


TY Scan 


The TV scanning sequence when looking at the picture 
tube is shown in the accompanying figure. The scanning 
spot starts in the upper left hand corner and travels at c 
uniform rate from left to right along lines that lie at a 
distance below each other as shown by the solid lines in 
the figure. When the end of a line such as ab is reached 
the scanning spot quickly returns to the left (that is from 
b toc) to start new line cd. During this return interval the 
spot is blanked out and so is not shown in the fiqure. As 
the scanning spot moves back and forth across the tube, 
the spot also moves downward at a constant rate. Hence 
the lines in the figure are slightly sloped, and each line 
begins at a level that is a little below the end of the 
previous line. When the bottom of the picture is reached 
(point e in the figure), the spot quickly returns to point f at 
the top of the picture, while maintaining the back and forth 
horizontal line motion uninterrupted. Since the time re- 
quired to travel from e to f corresponds to the passage of 
a number of lines, the spot traverses a path similar to that 
shown in the retrace figure as it goes from eto f. This 
return pattern is not seen by the eye, however, as the spot 
is blanked out during the return. 

The standard television picture takes 1/60 second to 
go from the top to the bottom of the picture and return to 
the top. During this time, which is called one field 262.5 
lines are transmitted. Because each field contains a half 
line, the next field lies between the lines of the first field 
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as indicated by the dotted lines in the fiqure; thus succes- 
sive fields are interlaced. The complete picture, called a 
frame, therefore, consists of 525 lines and is transmitted 
in 1/30 second. The original pattern showing the trace 
lines is what is observed on a television receiver in the 
absence of a picture, and is termed the raster. Interlacina 
makes it possible to avoid flicker while using the lowest 
repetition frequency for the picture that will satisfactorily 
portray motion. Thus, while a picture repetition rate of 30 
times per second is adequate to qive the illusion of con- 
tinuous motion under nearly all circumstances, large bright 
areas repeated J times per second will have a noticeable 
flicker. By interlacing, a flicker rate of 60 hertz is 
achieved which is too high to be perceptible; at the same 
time the picture is repeated only 3 times a second, 

RHI Circuit Operation. The block diagram of a typical 
RHI scanning system is shown in the following illustration. 
Since the operation of each basic circuit is described in 
detail in other sections of this Handbook, description of 
circuit operation is limited to the effect of each individual 
stage on the total scan system. 

The first circuit to be considered is the gate circuit 
stage. It produces positive and neqative qates occurring 
at the triqger input frequency which switches the range 
sweep circuit, the height sweep circuit, the height line 
generator, and the intensifier and intensity compensation 
and, in addition, a special count-down gate which is used 
to gate the range market circuit stage. The range sweep 
generator is one of two stages required to produce two 
linearly increasing, mutually perpendicular, maqnetic de 
flection fields. One magnetic field, causing horizontal 
movement of the beam, is produced by current in the range 
sweep deflection coil as a result of the voltage produced by 
the range sweep generator. The rate of increase of the 
tange magnetic field is proportional to the cosine of the 
elevation angle of the antenna, The range sweep generator 
transforms a d-c reference voltage into the linearly in- 
creasing magnetic field in the CRT. The rate of increase 
of the magnetic field determines the speed at which the 
bean moves horizontally across the screen and is pro- 
portional to the d-c reference voltaae. 

The height sweep generator stage also produces a 
linearly increasing magnetic deflection field. This magnetic 
field supplies the vertical component of the CRT beam de- 
flection. The rate of increase of the magnetic field is 
dependent on the d-c reference voltage, which in turn is 
proportional to the sine of the angle of the antenna ele- 
vation. The rate at which the vertical magnetic field 
increases determines the speed at which the beam moves 
vertically on the screen. 

The negative gate from the gate circuit stage is ap- 
plied to operate the intensifier and intensity compensation 
circuit stage. This stage has two functions. One function 
is to allow signals to appear on the CRT only during the 
sweeping periods. During the intervals between sweeps 
the CRT is blanked off. The other function is to keep the 
intensity of the CRT signals constant with the changes in 
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The range marker qenetator circuit produces eauclly to the video asp 3S only those lurgets 
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sector viewed on the 
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gating synchro rotor always corresponds with the setting of 
the manual sector control. 

The resulting RHI sweep appears on the CRT as a 
wedge. The vertex of the wedge, corresponding to the 
origin of the trace, appears ct the left lower portion of the 
screen, The horizontal distance of the trace corresponds 
to the range, and the vertical distance of the troce corre- 
sponds to the height or elevation of the trace. The ranae 
indicating marks are verticol lines, of intensified trace 
wi.h angular compensation, equidistant along a horizontal 
plane. The height line is a horizontal line of intensified 
trace. The video information coming from the radar re- 
ceiver, which represents targets within the selected sector, 
produces intensified portions of the trace at the range and 
height positions on the display corresponding to the actuo) 
location of the target from the radar location. 

Spiral Scan Circuit Operation. A typical block diagram 
of the spiral scan producing system is shown in the follow- 
ing illustration, Since the operation of each basic circuit 
is described in detail in other sections of this Handbook, 
circuit operation will be limited to the effect of each staae 
on the total system. 

The primary controlling state is the start-stop multivi- 
brotor. It converts an external neqative timing pulse into a 
number of square wave pulse to the sweep generator stace, 
results in a trapezoidal sweep pulse output with the same 
duration as the saucre wave pulse applied to the input of 
this circuit, and occurring ot the same frequency and time 
as the input pulse. This trapezoidal sweep output is ap- 
plied to the sweep amplifier stage. 
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The application of the negative square wave pulse, 
from the start-stop multivibrator stage, to the trapezoidal 
generator stage also results in a trapezoidal output. This 
trapezoidal output, unlike that of the sweep generator 
stage, is not of the same duration as the input pulse, but 
occurs for o lonaer period of time. This period of time 
normally is an even multiple of the input pulse. The ratio 
of the trapezoidal pulse to the negative square ineut pulse 
determines the number of turns in the spiral sweep on the 
CRT. The trapezoidal output pulse, like the output of the 
sweep generator stage, is also applied to the sweep ampli- 
fier stage. 

The negative square wave pulse output from the start- 
stop multivibrator stage is also applied to the markers 
generator stage, where short duration marker pulses are 
produced for application to the CRT control grid. These 
pulses produce intensified points on the sweep trace which 
correspond to specific range indications. 

The positive square wave pulse produced by the start- 
stop multivibrator stage is applied to the control arid of 
the CRT. This pulse provides unblanking of the sweep 
on the CRT during the period that it is applied. 

The trapezoidal sweep pulses produced by the sweep 
generator stage and the varying amplitude trapezoidal 
pulse from the trapezoidal generator stage are combined 
in the sweep amplifier stage and amplified. The addition 
of the increasing trapezcidal pulse to the sweep pulses 
Produces o continually increasing sawtooth sweep of cur- 
tent through the deflection coils while the yoke rotates. 


INTENSITY 


Spiral Scan System Block Diagram 
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The resulting sweep on the CRT is similar to that of 
the PPI sweep, with the exception that each pulse pro- 
duced by the sweep generator stage does not produce a 
scanning line which extends from the center of the sweep 
to the periphery of the CRT. Instead, each sweep line ex- 
tends a distance from the center of the CRT which corre- 
sponds to the amount of sawtooth current occurting 
deflection coil, at that time. Since the current in the de- 
flection yoke continually increases in a sawtooth manner, 
the distance that the sweep trace extends from the center 
of the sweep increases in a linear manner, while rotating 
about the sweep origin, until it reaches the periphery of 
the CRT, forming a spiral sweep. 

The video input is applied tn a video 
where cny portions of the signal extending beyond the 
limiting voltage level are clipped off. The limited sianal 
is applied to a video amplifier stage. The video amplifier 
stage amplifies the limited video siqral, Thi 
and limited video signal is then applied to cathode of the 
CRT, where it causes the intensity of the electron beam to 
vary accordingly. 

The resultant scan on the CRT appears as a spiral, 
with the sweep originating at the center of the CRT and 
gradually reaching the periphery of the ep by the end of 
the spiral, which may contain ¢ number of turns. Zoui- 
distant intensified points on the spiral sweep correspond 
to range indication marks, Any other intensified points or 
sections of the spiral, or extra-intensified range marks 
correspond to target indications. 

Television Scan Circuit Operation. ‘She typical block 
diagram of a television scanning system is shown in the 
occompanying illustration, the scanning system comprises 
approximately one third of the complete television receiver. 
The synch (pulse} separate staae, which contains a limiter, 
on integrator and a differentiator is not actually part of the 
scanning system of the receiver, but is i 
block diogram 10 give a more complete description of tne 
development of vertical and horizontal sweep pulses. 

Actually the integrator and differentiator staae consists 
of only c resistor and capacitor combination. The clipper 
circuit eliminates all portions of the composite video 
below the synch pulse level. The differentiator network 
Segregutes the norizontal putse intormatior. from the c 
bined horizontal and vertical pulse waveform, an 
the inteqrated waveform to the vertical sweep 
sentiator wavelorm is used by the ofe cir 
i tor output in Dha 


Sago 


a 


The frequency stabilized horizontal synchronizing 
are opplied tu ¢ ireerunnine muluviprator to de- 
ve i a sawtoath output saveform. This multi beter. the 
zontal oscillator, operates ots 
slightly lower than the ‘ 
synchronizing pulses, then, trioqer the m inkehens rita 
action ot the synchronizing pulse AEGuENEY 

A portion of the output of the hori 
fed back to the afc cir 
quency, and the stabi! 


ator is 


ts applied to a sweep 
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amplifier, where it is amplified and coupled to the hori- 
zontal deflection coil through a transformer. A sawtooth 
current is developed in the horizontal deflection coil which 
electromagnetically sweeps the CRT electron beam hori- 
zontally. The horizontal output tronsformer is clso used to 
the high voltage for the CRT anode, and a damping 
is connected across the deflection coi! and output 
transformer secondary to prevent continuous shock oscil- 
lations from occuring in the horizontal deflection coil durina 
the retrace time of the sweep. The damper circuit is also 
used to furnish an additional d-c boost voltage for the 
horizontal oscillator as shown in the block diagram. 

The inteqrated portion of the synchronized pulse wave- 
turn, when applied to the v stor 


al oscillator, tilygers 

the vertical oscillator stage and a free-running multi- 
vibrator when the value of the inteqrated waveform: reaches 
«certain amplitude. The integrated vertical waveform 
reaches this triqgeting level at a specific, requiar rate, 
which is much slower than the differentiated pulse rate. 
The output of the vertical oscillator, is also a sawtooth 
type waveform occurring at the triggering level rate of the 
integrated waveform. 

The output of the vertical oscillator is applied to the 
sweep amplifier stage of the vertical sweep network. Here 
the vertical sweep waveform is amplified and coupled to 
the vertical deflection coils, causing a sawtooth current to 
be developed, which electromaqnetically deflects the elec- 
tron beam of the CRT in a vertical direction. 

The result anon the CRT is one in which the 
horizontal sweep occurs at a trequency of 15,750 Hz 
which is approximately S000 times thot of the vertical 
frequency. A total of 262.5 horizontal lines is swept by 
the time the horizontal scan has completed one top to 
bottom (vertical) sweep en the CRT, This vertical sweep 
occurs 60 times o second, however, this only constitutes 
half of a complete picture frame. Thiting the next verti¢cl 
sweep an additional 262.5 horizontal lines ere scanned 
from top to bottom of the CRT at the same rate of 60 times 
asecond, These lines interluce between those which were 
sconned during the first half frame. A total of $25 hori- 
zontal scanning lines ore used to provide greater detail in 
the picture. The reaser for scanning onty 262.5 horizontal 
lines for only one vertical sweep rather than scanning the 
full 525 lines for one vertical sweep, is ther if i the 32 
lines were scunned at one tume the 
only be repeated 0 times 
flicker. 

The TV scon moves much as 
ning a written page. The 
side of the CRT scroo: 
tight with a very sli 
time. The scan is rapidly tetumed to the left side. After 
horizontal scanning line the 
blanked. out so thet it is i capeble af deep o visible 


left side at the CRT, 
ly turther down thor 
line ond the CST 
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hundred sixty two and one half lines are scanned in this 
manner, until the scon reaches the bottom center of the 
CRT. Upon reaching this point, the scan aqain is blanked 
out during the vertical retrace and is rapidly brought back 
to the top center of the CRT. The same scanning procedure 
as described for the first half-frame occurs for the second 
half-frame, only this time the scanning lines are inter- 
laced between those scanned during the first half-frame. 
The result is that a complete picture eppears on the CRT 
screen 30 times a second, with half of this picture changing 
60 times a second to eliminate flicker. 


CHANGE 2 


FAILURE ANALYSIS. © 

RHI Seon, In order for a no-cutput condition to exist, 
which is characterized by no indication of any kind on the 
CRT, a faulty power supply or a failure in each of the 
circuits comprising the system would have to occur. It is 
highly unlikely that every circuit in the system would fail, 
so the no-output condition would normally be limited to 
power supply failure. Check the power supply with a 
voltmeter to determine if the supply or a fuse js ot fault. 

There are several types of low or distorted outputs 
associated with the RHI system, By looking at the trace 
on the RHI indicator it is usucl!y possible to determine 
the probable location of the failina circuit, 
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If there is no indication on the CRT, it is not nec- 
essarily true that a no-output condition exists. It only 
means that either improper potentials ore being applied to 
the CRT  Slectioness the unblanking circuit is defective, or 
that the CRT, itself, is defective. First determine if the 
proper voltages and unblanking waveforms exist onthe 
electrodes of the CRT, the deflection coils, and the 
centering control wiih o high resistance voltmeter, cnd an 
oscilloscope. If the proper voltcnes and waveforms are 
present, the fault is in the CRT. If the proper volt- 
ages and waveforms do not exist, proceed from the electrode 
showing voltage or waveform back towards the preceding 
stage to locate the defective compenent. 

Tf, for example, the imprope: nal exists on the 
cathode of the oR Ty une trouble mov pé in the inter of 
and intensity compensation circuit stage, or in the gate 
citeuit stage, or the s esp Circuit stage. If the input of 
ths intensifier or 


ait this circuit. 

If improper input voltage to the intensifier and intensity 
compensation circuit stage exists the trouble preceeds 
this stage. If the gate circuit stage input is foulty, the in 
tensity of the trace is not synchronized with the range 
sweep. If it is the gate circuit stage itself that is faulty 
there will be no range or height sweep. If the triqger ampli- 
fier and the gate multivibrator of this stage are functioning 
properly there should at least be height and ranae sweep. 
The trouble may then be in the count-down multivibrator of 
Hus stage 

f the range sweep generator st 

aa is the intensity of the sweep affected, but the range 
indication is also incorrect. [f this condition is indicated 
by the trace onthe CRT, check the input of the range sweep 
generator stage with oscilloscope to determine if the antenna 
cosine reference input is incorrect and if this is correct, 
check the parts within the stage. 

If the correct potential appears on the CRT cathode, 
but not on the control arid, the video amplifier stage or 
the preceding stages mcy be ct fault. Check the several 
inputs of the video amplifier with an oscilloscope. If all 
the inputs are found to be correct, but the output is faulty 
the trouble must be inthe video anplif ¥f the 
video amplifier stage circuits are not faulty the preceding 
stages must be the cause of the trouble. The presentation 


on the CRT 1 q stage is the 


cause of the specific fault in the CRT trace 
video signal, itself, that is i he ireible € 
somewhere in the radar receiver, rather than in the RHI. 
If the trouble is in the sector cati 
tation will inirte imnroper: sector angle 
tion of azimuth. If this indication is apparent c! 
the proper itera beating synchro input with an oscillo- 
scope. If the sector ‘Pes 
parent at the sector 
synchro or the servo 
the synchro is functioning correctly checx the servo 
amplifier. 
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If the CRT presentation indicates thet there is no 
height line available, the failure is either in the height 
line generator stage, the rage sweep generator stage, 
the gate circuit stage, or the antenna sine reference input. 
Tf any of these stages, other than the height line generator 
stage, are faulty, other CRT presentation failures will also 
be indicated. If, however, it is the height line generator 
stage, only the height line will be missing from the CRT 
presentation. 

If the CRT presentation indicates that there are no 
Tange marks, the trouble must exist in the range mark 
generator since any faulty stages preceding the range 
marker generator stage would affect the presentction in 
some other way. 

If there is no indication of height (or vertical direction) 
on the presentation of the CRT, the failure is in either the 
antenna sine reference input or the height sweep generator 
stage. If the antenna sine reference input is proper and 
present, the trouble must be in the heiqht sweep generator 
stage. 

Spiral Sean. Failure of the CRT high voltage supply 
or loss of the unblanking pulse would cause the indicator 
to be blank and produce  no-output condition. Check the 
CRT anode voltage with a voltmeter, and check the start- 
stop multivibrator for a positive unblanking pulse 
using an oscilloscope. Usually observation of the 
indicator will indicote the stage or stages which might be 
foulty. For example, if there are no range marks visible 
on the spiral trace and the display otherwise appears 
normal, the marker generator is most likely at fault, Check 
the output of the marker stage with an oscilloscope and, if 
no markers appear when an input pulse is applied, the 
marker generator is defective. Likewise, if range markers 
appear on the trace but no targets appear, there is probably 
no video aby applied to the cathode of the CRT. Check 
the cathode voltage on the CRT with a voltmeter ond use 
‘an oscilloscope to check ihe video limiter input and the 
video amplifier output. If no video appears at the output 
with video applied to the input, either the amplifier or 
limiter stages are at fault. Check the video limiter output 
to determine if it is at fault. If there is either no video 
input, or improper video input at the limiter it is obvious 
that the trouble is not in the scanning system but somewhere 
in the radar receiving system. 

If there is no sweep apparent on the CRT but a bricht 

pot exists at the center of the CR’, check for proper 
ie id and cathode voltage with a volumeter. Hf normal, 
either the lifler, sweep generator, or trapezoidal 
generator may be at fault. Check the output of the sweep 
amplifier with an oscilloscope uid bot inputs. if the ine 
puts are normal but the output is improper the amplifier is 
at fault. [f either input is per the stage supplying the 
improper out ck the input to ine 
presumed fouity stage to make certain the the proper input 
gate is applied. If normal sweep outputs are obtained, 
either the CR'l’ is defective or the deflection yoke is open 
or shorted. Check the resistance of the yoke coils with 
an ohmmeter. 


ut is faulty, Also c 
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TV Scan. Failure of the CRT high voltage supply, the 
d-c boost supply or a defective picture tube will usually 
produce a complete no-output condition with a blank CRT. 
Use a high resistance voltmeter and high voltage probe to 
check the high voltage, being careful to observe ful! safety 
precautions to avoid the possibility of dangerous shock. If 
the d-c boost voltage is norma! check the electrode voltages 
of the CRT. Failure of the dec boost supply can be 
caused by a shorted filter capacitor, a defective damper 
tube or circuit. Check the filter capacitor for a short with 
an ohmmeter and for proper value with an in-circuit capaci- 
tance checker. If the boost voltage is low, the damper 
tube is bad. Usually failure of the damper circuit involving 
sweep components, such as a shorted output transformer or 
defective deflection yoke will also cause loss of sweep, 
and no raster will appear on the CRT screen. Check the 
coils for the proper resistance with on chmmeter. Usually 
defects in the sweep will be found in the section at fault. 
If the horizontal sweep is faulty check the horizontal sweep 
stages from input to output with an oscilloscope the point 
at which the waveform disappears or is distorted will 
usually indicate the circuit at fault. Likewise, for a 
faulty vertical sweep check the vertical sweep stages for 
input ond output waveforms in a similor manner. 

For example, if there is no vertical deflection, or a 
vertically rolling picture, or some other apparent trouble 
jn the vertical scanning on the CRT, and the electrode and 
coil potentials have been checked, the trouble must exist 
in the vertical sweep stage or the intearator or clipper 
sections of the synch (pulse) separator. First check the 
input waveform of the vertical sweep amplifier with an 
oscilloscope. {f the proper waveform is present but im 
proper output exists, the trouble must be in this stage. If 
an improper input waveform is present check the input of 
the vertical oscillator with an oscilloscope. If the input 
waveform is proper, but the output waveform is improper, the 
trouble is within the vertical oscillator stage. If the input 
to the vertical oscillator is improper the trouble exists in 
the integrator or clipper sections of the synch (pulse) 
separator stage or in prior receiver stages, Also be certain 
to check that the vertical synch pulses appecr in the input 
signal to the receiver. 

If the picture on the CRT is horizontally rolling or if 
there are some other apparent horizontal scanning troubles, 
and the electrode and coil potentials have been checked and 
found correct, the trouble must exist in the horizontal sweep 
stage, the afc stage, or the differentiator or clipper sections 
of the synch (pulse) separator stage. First check the input 
of the horizontal sweep omplifier with an oscillascope. If 
the input waveform is proper, but the output is improper, 
the trouble exists within the horizontal sweep omplifier. 

If the input of the sweep amplifier is improper check the 
input waveform of the horizontal oscillator. If the oscil- 
lator input is proper, the trouble is in the horizontal oscil- 
lator. If the oscillator input is improper check the inputs 
of the afc stage. If these inputs are correct, but the output 
pulse is incorrect, the trouble exists in this stage. If the 
input from the synch (pulse) separator stage is proper, but 
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the input feedins back from the horizontal oscillator is 
improper, the trouble is in the feedback circuitry from the 
horizontal oscillator to the afe stage. If the feedback input 
is proper, but the input from the synch (pulse) separator 
stage is incorrect the trouble must exist in the differentiator 
or clipper of the synch (pulse) separator, or in preceding 
teceiver stage, or in the horizontal synch pulse contained 
in the input signal to the receiver. 


BLANKING CIRCUITS. 


APPLICATION. 

Blanking is used in TV, radar, synchroscopes, and 
oscilloscopes to reduce the beam intensity ond render 
invisible the retrace portion of the electron beam which 
produces the visible trace on the CRT. 


CHARACTERISTICS. 

Blanking is dependent on the sweep signal. 

Blanking reduces the intensity of the electron beam of 
the CRT. 

Blanking is accomplished by application of neaative 
voltage to the control qrid. 

Blankina circuit is a resistor-capacitor combination. 


CIRCUIT ANALYSIS. 

General. Blanking circuits are used in CRT displays 
to prevent any indication of the retrace line from appearing 
with the display. This is accomplished by applying the 
sweep signal to an RC differentiating circuit, which de- 
velops a rectanqular type waveform during the sweep dis- 
charge period. The rectangular (bJanking) waveform is 
applied to either the control grid or the cathode of the CRT, 
depending on the polarity of the waveform. The rectanaulor 
waveform is usually connected in series with the CRT bias 
so that it increases the CRT bios and causes the electron 
beam to be cut off during the retrace time of the sweep, 
but has no effect on the beam during the active portion of 
the trace time of the sweep. 

Circuit Operation. A typical RC blanking circuit is 
shown in the accompanying illustration, 


SAWTOOTH — GRID L <¥ —CUTOFF 
INPUT 
49s 
GRID BIAS 
SUPPLY 


ee 


Blonking Circuit 
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Capacitor Cl and resistor Rl form a differentiating 
circuit. Capacitor C2 is a large a-c bypass capacitor 
which effectively places the lower end of Ri at ground 
potential. The sawtooth sweep voltage is applied to Ci 
and the charging current is relatively constant with the 
ear increase of the sweep voltage. Thus, the current 
flowing through Ril remains at a relatively constant and 
low value for the duration of the sweep trace. The valt- 
age drop across Rl, likewise, remains at a small but con- 
stant value for the linear rise of the sawtooth sweep. 

This small positive voltage drop is small enough, however, 
so that it has little affect on the grid bias which it cpposes. 
The intensity of the electron beam is, then, relatively 
unatfected. 

When the sawtooth sweep voltage quickly retraces, how- 
even, the discharge current change is grect andr: As 
Ci discharges the high discharge current through R! pro- 
duces a large voltage drop across Ki which is opposite in 
polarity to the drop produced across Ri during the sweep. 
This retrace voltage series aids the normal negative arid 
bias applied to the control grid of the CRT. Hence, the 
bias voltage applied to the control grid of the CRT is now 
a large enough negative value to cut off the electron beam 
of the CRT, causing the CRT trace to disappear. The 
electron beam remains cut off during the entire retrace 
period, and for a short portion of the beginning of the trace 
period, Greater linearity of the sweep voltage and shorter 
tetrace time of the sweep voltage causes the cutoff of the 
electron beam to extend less into the trace period. 

A similar circuit may be used with a negative savw- 
tooth applied to the input capacitor provided that the volt- 
age across the resistor is cpplied to the cathoce of the 
CRT. In this case a positive increase in bias is produced 
across Rl, effectively driving the arid more negative and 
producing the same bhiasing-off of the beam. 


FAILURE ANALYSIS. 

No Output. If capacitor Cl were open none of the 
sweep voltage would be applied to the differentiating 
circuit ond thus no voltage would be produced across RL. 
In this case, only the normal grid bias would be applied to 
the control qrid of the CRT and Nonking would not occur. 
To determine if Cl is defective, check it with an in-circuit 
capacitor checker. If resistor Rl were open, not only 
would no voltage drop across it, but no qrid bias would be 
applied to the CRT and the screen would be brightly illumi- 
nated. To determine if Rl is open, check the resistance 
with an ohmmeter. If capacitor C2 were open there would 
be no ground retum, which would also cause no output to 
result. In order to det: e if capacitor C2 is open check 
it with an in-circuit capacitor checker. If, after checking 
these components, the no output condition still exists the 
sawtooth sweep voltage must he faulty, or the arid bias 


supply voltage must be faulty. By checking the sweep 
vol 


a voltmeter, the faulty voltage wi 
Low or Distorted Output. If capacitor Cl beco 


shorted the full sewtooth sweee veltane will be ol 
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ecross Rl, resulting in a sawtooth arid waveform with the 
qrid bias voltage opposing it, and the resultant voltage ap- 
pearing at the contro! crid of the CRT. To determine if 
capacitor Ci is shorted measure the voltage between each 
plate of Cl and ground. If they are equal the capacitor is 
shorted. If resistor Rl is shorted no voltage can be de- 
veloped across it. The voltage applied to the grid of the 
CRT will then be distorted. To determine if Rl is shorted, 
check Rl with an ohmmeter. If capacitor C2 were shorted 
the lower half of Ri would be at d-c around, and the arid 
bias supply would orted te sround, A certain amount 
of self grid bias would be genercted by the flow of orid 
current through Rl and any grid signal would probably be 
distorted #f it wos larre enough to overcome the bics and 
illuminate the CRT. To determine if C2 is shorted check 
the voltage between eack plate of C2 anc around. Tf the 
voltages are equal the capacitor is shorted. If the low or 
distorted output condition still exists the sawtooth sweep 
voltage or the qrid bias voltage must be faulty. Check the 
sawtooth sweep voltage with cn oscilloscope, and the grid 
bias voltage with a voltmeter to determine which voltage is 
at fault. 


DC RESTORATION. 


APPLICATION. 

The d-c restorer is used in CRT display systems to 
te-establish the d-c level of the composite-video signel, 
which is lost wher the video si s applied to the 


control grid through a coupling capacitor from the precedina 
video amplifier. 


CHARACTERISTICS. 

Mcintains a constant bias level on the CRT centrol 
grid. 

Receives input from video iifier load. 

Basic components are a diode, ¢ copacitor and re- 
sistor. 

Cutput signal waveform varies between the :eference 
level and some positive value, which is determined by 
the peak-to-peak amplitude of the input waveform. 


CIRCUIT ANALYSIS. 
General. The J-c restorer consists of a di 


nected in perallel with the 


ister of'a conventioncl | 


anected so 


negative direct ic 


coupling networi 
éver the waveforin swe 
conducts and produce: 
ever the waveform 


constant. Thus, two different time constants are produced—a 
short time constant during the necative halt cvcle of the 
input wovef: 
snputiwar 


tive half cycle. 


value, which is appliec to the control arid of the 
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This voltage restores the d-c component which was 

: blocked by the capacitor coupling the video amplifier 

| Signal to the control grid of the CRT. 

| Circuit Operation. A typical d-c restorer circuit is shown 
in the accomponying illustration within the dotted lines. 

" ‘The circuitry outside of the dotted lines is included in the 
illustration to clarify the explanation ond function of the 
d-c restorer. 


DC Restorer 


Virepresents the plate circuit of the video amplifier. 
LJ and Rl are the series peaking components of the ampli- 
fier. L2is the shunt peaking coil and R3 is the plate load 
of the video amplifier. C1 couples the plate of V1 to the 
grid of V2, the cathode ray tube. Resistors R4, R6, and the 
d-c restorer resistor RS form a qrid leak biasing network 
for the CRT. Resistor R2 and capacitor C2 couple the 
video signal to the cathode of d-c restorer diode V3 

As the neqative video output pulse appears at the 
plate of Vi, it is capacitively coupled to the CRT grid. 
Since the coupling capacitor blocks dc, only the ac wave- 
form appears on the grid. Without any d-c restoration ar- 
rangement the pulse would establish an average voltage on 
the CRT grid which would change slightly with each dif- 
ferent pulse. As a result, the maximum and minimum levels 
of the pulse would produce different intensities than they 
normally would with a fixed bias level. By inserting a 
dc restoration circuit which in effect automatically con- 
trols the bias on the CRT to compensate for the loss of 
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the dc component through the coupling circuit, a more 
faithful woveform reproduction is obtained. 

When o neactive output is applied through Cl to the 
CRT arid, a portion of this output is applied to the cathode 
of dec restorer diode V3 through R2 and C2, causing the 
diode to conduct. Current flow through R2, meanwhile, 
charges capacitor C2 in such a direction that the end of 
RS closest to the CRT control grid becomes positive and 
teduces the total CRT bias. When the video pulse goes posi~- 
tive (becomes less negative) diode V3 ceases conducting. 
Meanwhile, C2 discharges during the positive portions of 
the pulse but only very slightly, due to the long time con- 
stant to ground offered C2 by R5 and R6. When the video 
pulse again goes negative, diode V3 conducts and restores 
the charge on C2 back to its former value. Thus if the 
average brightness is high, the negative swing from maxi- 
mum positive to maximum negative value is qreater, and 
diode V3 conducts longer causing a greater peak current 
flow and a greater positive charge appears across C2 
Hence the CRT bias decreases further producing the areater 
brilliance. Conversely, when the neqative swing applied 
to V3is smaller, conduction of V3 occurs for a smaller 
period and less voltage is developed across C2, Conse- 
quently, the CRT neqative bias increases by the reduction 
of charge voltage developed across C2 and a less brilliant 
signal appears. Parts values are normally chosen so the 
CRT bias is normal with V3 operating. 


FAILURE ANALYSIS. 

No Output. Normally, failure of the d-c restorer 
circuit will cause the CRT presentation to appear darker 
than normal. A quick check on operation is to remove 
diode V3 and note if the presentation changes. If 
there is no change, either the diode is defective or a 
faulty component exists. Check resistor RS for proper 
value with an chmmeter. With RO shorted the d-c re- 
storer will not operate. If RS is open no bias voltage 
will oppear on the CRT arid when checked with a voltmeter. 
Also check R2 with an ohmmeter for proper value. If ca- 
pacitor C2 is open the restorer will not operate, check C2 
for value with an in-circuit capacitance checker. If C2 is 
shorted a positive bias will he placed on the qrid of the 
CRT, and in all probability the CRT will be constantly 
illuminated. Do not neglect to check the values of R4 and 
R6 with an ohmmeter since they are a portion of a voltage 
divider across which the d-c restorer operates. If either 
is open no output will occur, hut a change in value will not 
necessarily cause no output. 

Improper Output. A defective V3 can cause a dark or 
distorted presentation. A shorted C2 can cause constantly 
illuminated display, check C2 with an in-circuit capacitance 
checker. It is important to remember that distortion or im- 
proper waveforms can occur in circuits prior to the d-c 
restorer. 

Therefore, when in doubt check both sides of Cl to 
ground with an oscilloscope. If the trouble exists on the 
input side of C1 the couse is not the d-c restorer. If the 
trouble appears on both sides of Cl it is still necessary to 
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eliminate components other than the d-c restorer. In most 
instances a simple resistance ond capacitance analysis 
will quickly reveal if any portion of the dec restorer is 
defective. 


DAMPER AND FLYBACK CIRCUITS. 


APPLICATION. 

The flyback circuit uses the horizontal output trans- 
former to supply sweep voltage to the horizontal deflection 
coils, while the flyback (retrace) portion of the horizontal 
sweep is used to develop the extremely high voltaqe neces- 
sary for the CRT anode. The damper circuit is necessary 
to eliminate any undesired oscillations occurring in the 
output Circuit due to resonunce in the horizontal detiection 
circuit, ond to supply an additional de low voltage boost. 


CHARACTERISTICS. 

Receives its power from the horizontal output sweep 
circuit. 

Uses a special flyhack transformer and two diodes to 
furnish both a high voltage ond a low voltage from the same 
source. 

Flyback transformer secondary supplies both horizon- 
tal sweep voltane to thi igh voltage 
rectifier filament voltage. 

Flyback transformer primary operates as an autotrans- 
former to furnish extremely hich voltage developed at 
the sweep frequency to the high voltage rectifier. 

Damper diode prevents undesirable cscillation ané 
provides de iow voltage boost. 


CIRCUIT ANALYSIS. 
General. The flyback transformer couples the hori- 
zontal sweep voltage output to the horizontal deflection 
coils, It also develops a high voltage for the : 
anode of the CRT. Thi 


ans 


is produced when 
the sharp trailing edge of the savrtooth ep voltaqe 

(the flyback or retrace portion of the sweep) causes the 
current in the deilection coils to collapse and induce a 
sharp reverse pulse in the primary of the transformer. 

Here it is stepped up by auto-transforrer action and applied 
to the plote of the high voitage rectutier, where it is recti- 
fied, filered, and applied to the second anode of the CRT. 
The damper circui essentially o diode rectifier 


yoRe 
‘ootk sweep from 

© sellection colis. in 
tations it also provid es an additional 
1 af the 


fying these osc 

dec voltage, for bo 
d-c power supply, 

Circuit Operation. |here cre many circuit arrangements 
which can produce flyback and damper operation, There- 
fore, circuit operation is devoted to an explanation of one 

of themast commorly used flyback ond domper 


ing the out-pul 
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combinations. This circuit arrangement is showm in the 
accompanying illustration. 


TI RI 
-4_, ae RZ 
4 


INPUT FROM HORIZONTAL, 
OUTPUT AMPLIFIER 


Flybock and Damper Circuits 


In this circuit arrangement the plate of the horizontal 
sweep output amplifier is topped across part of the primary 
of flyback transformer T1 (which operates as a high voltage 
autotransformer), The secondary (output winding) of trans- 
former Tl is connected across horizontal deflection coils 
L3 and L4 and associated capacitors C3 and C6 which are 
used to balance out the distributed capacity of the circuit. 
Inductance L1 is a width control for the CRT display. It 
is a smal! coil with o tunable core, and is shunted around 
@ portion of secondary winding of Ti, Adjusting the value 
of the width coil chanyes the total inductance of the sec- 
ondary. The iarger the total inductance value, the greater is 
the width. Diode V3is the damper tube. Inductance L2 
and capacitors Cl ond C2 comprise a simple pi-filter net- 
work for the damper low voltage boost supply. The too of 
the primary of T] is connected to the plate of high voltage 
rectifier V2, while the small power needed to gies he 
filament is supplied by o sr 
on T A, ond is connected 
and iogd resistor Fi. 


ne 


ether with capaci- 
tors C4 and U3 torm a resistance type of pi-filter network 
to eliminate any sweep frequency ripple appearing on the 
high voltage applied to the second anode of the CRT, 

A positive-qoing sawtooth current opplied to the pri- 


mary of the flyback and dary mer develops a 
positive going voltane in the secandar to TL, This pro 
duces a rising deflection current throunk horizontal 


becouse of the positive poten a! 
damper tube ‘/3. Curing the rising sweep 


light resistive locd ar: sipoter «1 y 
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the total power present. The resistive load of V3 and the 
tesistive load of the deflection coils require a slight 

linear increase in the amplitude of the induced square wave 
to produce the required sawtooth current for the deflection 
coils. This is provided initially by a small amount of 
stored voltage in the coils. 

The retrace of the sawtooth sweep causes the secondary 
voltage of T] to drop to zero. This, in turn, causes the 
cuttent in the deflection cails to collapse, and shock ex- 
cites into oscillation the resonant circuit formed by the 
deflection coi}s and distributed capacity (the oscillation 
frequency is in the vicinity of 75 KHz). The first altemna- 
tion of the flyback oscillation is a sharp negative pulse of 
high potential and V3 dees not conduct during this negative 
transient. This negative spike, however, also appears 
actoss the secondary of T! and it is inductively coupled 
into the primary of Tl. Here it is stepped up to a very 
high positive voltage by the large number of turns of the 
complete primary of TL This voltage causes high voltage 
rectifier tube V2 to conduct and rectify the positive kick- 
beck pulses. The pulsating d-c voltage from the high volt- 
age rectifier is varying at a high ripple frequency andis 
easily filtered by the RC arrangement of capacitors C4, and 
C5, and series resistor R2, and is applied to the second 
mode of the CRT. 

When a positive transient appears on the plate of V3, 
damper tube V3 conducts heavily. The oscillating tran- 
sient is heavily damped by the load placed across the 
deflection coils by the damper tube. Before the transient 
oscillations are completely eliminated, however, the 
sawtooth sweep begins aqain. The combination of the 
heavily damped oscillations and the increasing sawtooth 
input produces a slight linear increase in the deflection coil 
current at the start of the sweep. 

During the time that V3 is conductina, de voltage is 
applied to the filter network consisting of capacitors C1 
and C2 and inductance L2. This voltage is connected 
in series with the voltage from the low-voltage power 
supply and provides a small d-c voltage boost. 


FAILURE ANALYSIS, 
Note: 

Although this type of circuit is designed to supply only 
a small output current from the high voltage supply to pre- 
vent lethal shock, be careful to observe stondard high volt- 
age safety precautions. It is important to discharae both 
the CRT anode and the high voltage filter capacitors before 
making voltage or resistance checks on the high voltaae 
portions of this circuit, 

No Output. Assuming that the input of this circuit, 
which is the output from the horizontal sweep output ampli- 
fier, is correct, a no-output condition cauld occur if the 
primary of T1 were shorted or open. In either case no volt- 
age would be coupled to the secondary of T 1, and no volt- 
age would appear on the plate of the high voltage rectifier 
V2. Thus there would be no sweep voltage produced by 
the deflection coils, or high voltage on the second anode 
of the CRT. To determine whether or not T! is defective, 
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measure the d-c resistonce of the primary of T] with an 
ohmmeter. Likewise, if the secondary of Tl were open 
or shorted, no voltage could be coupled to the deflection 
coils, and no larqe neactive kickback pulse would be 
developed for the production of the high voltage for the 
second anode of the CRT. To determine if the secondary 
of Tl is shorted or open check the d-c resistance value of 
the secondary with an ohmmeter. 

If horizontal deflection coils L3 and L4 were shorted 
of open no sweep would be produced and, likewise, no 
negative pulse would be developed for the production of 
the high voltage and the CRT weu!d not be illuminated. 
To determine if L3 and L4 are open or shorted measure 
their de resistance value with an ohmmeter. 

If capacitor C6 were open no sweep voltage would be 
produced and no high voltage would be produced. Check 
the value of capacitor C6 with an in-circuit capacitor 
checker to determine if it is open. 

Low or Distorted Output. If the input of this circuit 
is correct a low or distorted output could exist if Tl were 
partially shorted. Check the d-c resistance values of the 
primary ond the two secondaries with an chmmeter. 

If either L3 or L4 is shorted, or partially shorted, the 
sweep voltage will be distorted and a distortec pattern 
will appear on the CRT. While an improper kickback volt- 
age value may be coupled to the plate of the ugh voltage 
rectifier the distortion may not create sufficient difference 
in value to show on a voltage check. Measure the de re- 
sistance of L3 and L4 with an ohmmeter. 

It capacitor C3 were shorted the same effect as a 
shorted inductonce L3 would occur. To determine if C3 is 
shorted check C3 with an in-circuit capacitor checker. 

If inductance L1 were shorted or open, the voltage 
coupled from the primary to the secondary of T1 would be 
lower than normal resulting in a smaller sweep and a lower 
high voltage value. To determine if inductance L] is 
shorted or open check the de resistance value with an 
ohmmeter. 

If diode V3 is shorted, the sweep voltage will be 
greatly decreased and show a smaller pattern on the CRT. 
The high voltage at the cathade of V2 will also be lower 
than normal, and the boost voltage will also be low. 

If filter components C1, L.2, or C2 were defective the 
boost voltage would be lower than normal. To determine 
if any of these components ate defective, check capacitors 
Cl and C2 with an in-circuit capacitor check, and check 
the dc resistance of 2 with an chmmeter. 

It diode V2 were shorted or open no high voltage 
would appear on the CRT and the presentation would not 
appear. Check the voltage from the filament of V2 to 
ground. If resistor Rl were open, V2 would not conduct 
and no high voltage would be available at the second 
anode of the CRT. Observe whether or not the filament 
appears to be illuminated, if not check Rl, for value with 
an ohmmeter. 

If capacitor C4 were shorted, the high voltage would 
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be grounded and none would be available at the second 
anode of tne CRT. Measure the voltage from C4 to 
ground, if it is low or zero check C4 for proper value with 
an in-circuit capacitor checker. If resistor R2 is open no 
high voltage would be available at the second anode of the 
CRT. Measure the voltage of C4 and C5 to ground with a 
volimeter. If the voltage on C4 is normai but voltage ap- 
pears acress C5, check the resistance value of R2 with an 
ohmmeter. If capacitor CS were shorted the high voltage 
would be shorted to ground. Check C5 with on in-circuit 
capacitor checker. 
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